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less oi ly bromide ( 5  and 9), too unstable t o  purify and therefore 
used direct ly in the next  step, was 671 mg (92%): urnax (f i lm) 1655 
(C=C), 1245, 1200, 1150, 1110, 1070, 950 cm-’; 6 ~ ~ ~ ~ i  (Ccld), 5.49 
(t, J = 8.5 Hz,  C=CH), 3.93 (d, J = 8.5 Hz, CHZBr), 3.30 (quartet, 
J = 7 Hz, O C H Z C H ~ ) ,  1.78 (“Z” v iny l  CH3), 1.73 (“E” v iny l  CH3), 
1.11 (s, 6 H, geminal CH3’s), 1.10 ppm (t, J = 7 Hz, OCH2CH3). 
NMR analysis indicated tha t  approximately 30% o f  the bromide 
mixture consisted o f  ter t iary  v iny l  bromide 9, characterized by  
peaks a t  6.33, 6.17, 6.05, and 5.88 ppm (CH=CHz) as wel l  as a sin- 
glet (Wllz = 1.4 Hz)  a t  1.83 ppm (BrCCH3). 
7-Ethoxy-l-(g-ethylphenoxy)-3,7-dimethyl-2-octene (6). A 

mixture o f  666 m g  (2.53 mmol)  o f  crude bromide 5,  3.5 ml of  ace- 
tone, 350 m g  (2.86 mmol)  o f  4-ethylphenol, and 1.36 g of  anhy- 
drous K2CO3 was st irred vigorously a t  room temperature for 15 h. 
Isolat ion o f  the product  b y  extractions w i t h  pentane, followed by 
fract ional distillation, afforded 506 m g  (66%) o f  JH-25 (6): bp 
120-140 “C (bath temperature, 0.05 mm); >97% pure by VPC 
a n a l y ~ i s , ~  oven temperature 225 “C, E/Z ra t io  75/25, retention 
t imes 8.2 (Z), 9.4 min ( E ) ;  umaX (f i lm) 1665 (c=c), 1610, 1578, 
1505, 1240, 1225, 1167, 1105, 1065, 1000, 960, 817 cm-l; 6 ~ ~ ~ ~ i  
(cc14) 6.81 (AB quartet, 4 aryl H, peaks a t  7.05, 6.91, 6.74, 6.59), 
5.43 (t, J = 6 Hz,  C=CH), 4.43 (doublet, J = 6 Hz,  CHzOAr), 3.27 
(quartet, J = 7 Hz,  O C H Z C H ~ ) ,  2.56 (quartet, J = 7 Hz,  
ArCHzCH3), 1.77 (“Z” v iny l  CH3), 1.71 (5, “E” v iny l  CH3), 1.09 (s, 
6 H, geminal CH3’s), 1.08 ppm (t, J = 7 Hz, 2 CH3). 

Registry No.-1, 110-93-0; 2, 51079-72-2; 3, 57762-04-6; 4, 123- 
07-9; 5,  51079-70-0; ( E ) - 6 ,  52730-76-4; ( Z ) - 6 ,  57762-05-7; 9, 57762- 
06-8; PBr, 7789-60-8. 
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In previous papers we have shown that nucleophilic sub- 
stitution a t  phosphorus in phosphates is strongly in- 
fluenced by added cations.lS2 We wish to report additional 

Notes 

Table I 

Retention, Inversion, 
Solvent Added salt % % 

a CH3CN 
b CH3CN 
c CH3CN 
d CH3CN 

f CHsCN 
e Benzene 

g Tetrahydro- 
furan 

h CH3CN 

i CH&N 

j CH3CN 

0 
LiC104 (1  equiv) 
Mg(C104)~ (1 equiv) 
KC104 (1 equiv) 
0 
LiC104 (1/2 equiv) 
LiC104 (1  equiv) 

(CzH&N+CHz- 

(CzH&N+CH2- 
CsHsC1- (1 equiv) 

CsH5Cl- ( 1  equiv) 
+ LiC104 ( 1  equiv) 

L i C l ( 1  equiv) 

8.8 91.2 
96.1 3.9 

0 100 
0 100 

40.8 59.2 
88.3 11.7 
78.6 21.4 

38.4 61.6 

94.5 5.5 

87.5 12.5 

observations in this area and present a possible rationaliza- 
tion for them. As before, the conformationally immobile 2- 
substituted 5-chloromethyl-5-methyl-2-oxo- or 2-thio- 
1,3,2-dioxaphosphorinan systems were employed as sub- 
s t r a t e ~ . ~  Inversion or retention a t  phosphorus upon substi- 
tution can conveniently be determined by NMR spectros- 
copy. Hydrogens on groups a t  the 5 position have different 
chemical shifts depending upon whether they are axial or 
e q ~ a t o r i a l . ~  

We have found that we can control the stereochemical 
pathway in at least one system (Scheme I) by the judicious 
selection of the cation, Table I. 

Scheme I 
CH,C1 
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ClCH, 
CH, 

trans 

The combined product yields are greater than 90% with 
the product ratio unaffected by work-up procedures. The 
small yield of minor isomer in those cases where it is ob- 
tained may be due to prior isomerization of starting materi- 
al by chloride ion formed as by-product. Thus, under iden- 
tical reaction conditions the phosphorochloridate is slowly 
isomerized by slightly soluble triethylammonium chloride 
with 3 days required to establish equilibrium. In contrast 
substitutions are over in a matter of minutes. Prior isomer- 
ization would be expected in h where a soluble quaternary 
chloride is employed. 

Strangely, the starting phosphorochloridate does not 
isomerize when triethylamine is added to acetonitrile or 
chloroform solutions. This behavior contrasts with the ac- 
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tion of pyridine, which promotes almost istantaneous isom- 
erization and heat evolution. The products are stable under 
reaction conditions. The ratios are unaffected upon addi- 
tion of product to acetonitrile-triethylamine-salt mixtures, 
evidence that product formation is kinetically controlled. 

Without added salt, inversion predominates and is ap- 
parently aided by the ammonium salt formed as a by-prod- 
uct. Indeed, in the case of a less polar solvent, benzene, in 
which the by-product is less soluble and effective than in 
acetonitrile, retention competes. The ability of cations, 
other than lithium ion, to promote the inversion route is 
apparent from c and d. As pointed out in a previous publi- 
cation,l tetramethylammonium and sodiup salts have an 
effect on the mode of substitution which is similar to that 
of the soluble potassium and magnesium salts included in 
Table I. 

Surprisingly, added lithium ion in the form of its soluble 
salts effects substitution in a manner directly opposite to 
that of other cations tested; retention is nearly loo%, b. 
The unusual effect of the lithium ion is further demon- 
strated by its ability to overcome any possible effect exert- 
ed by an added soluble salt, i. I t  is effective in less than 
equivalent concentrations, f ,  and although diminished, its 
ability to divert the reaction to retention prevails in a sol- 
vent in which it would be expected to be a t  least partially 
solvated, g, or sparingly soluble, j. From spectral data, ir 
and NMR, we can find no evidence of bonding between 
substrate and cation. Spectra taken in acetonitrile are es- 
sentially identical irrespective of the salt added. Thus 
added cations listed in Table I most likely exert their influ- 
ence during the course of the substitution and do not alter 
the structure of the reactant. 

To explain our observations we propose a scheme which 
is a modification of our original and similar to that recently 
put forth by others (Scheme II).b We assume two compet- 
ing pathways. Cations, other than lithium, act as electro- 
philes toward the chloride ion aiding its departure and in- 
version. I t  is not unlikely that the catalyzed inversion pro- 
cess entails partial bond breakage prior to complete bond 
formation and that a formal trigonal bipyramid intermedi- 
ate may not form. 

Scheme IIa 
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a Ring conformation has been neglected. 

In the absence of cation effects, the retention pathway 
via pseudorotational permutations of the initially formed 
intermediate is of lower energy. Singly bonded oxygen has 
a preference for an equatorial position, a condition met for 
all three alkoxy groups by the retention pathway.6 Lithium 
ion, with its affinity toward oxygen and small ionic radius, 
may bond with negatively charged oxygen thereby enhanc- 
ing the preference for an axial position by the original 
phosphoryl oxygen. Purther, as a consequence of bonding 
with lithium, the P-0 bond may be lengthened and P-C1 
bond btrengthened7 thereby reducing the effectiveness of 
extraneous cations and rendering the inversion pathway 
less favorable. 

We have observed that the influence of lithium ion is in- 
dependent of the leaving group. Either pure cis or trans 2- 
p-nitrophenyl esters in the presence of lithium ion undergo 
substitution predominantly by retention whereas in the 
presence of other salts, both geometric isomers of the prod- 
uct are produced with that from inversion in excess. In 
those cases where inversion is the only pathway, i.e., 
methanolysis of the starting phosphorochloridate, the lithi- 
um ion is unique in its ability to effect a sharp decrease in 
the substitution rate." The fact that inversion is the only 
pathway for solvolysis may reflect the ability of a protic 
solvent to aid in the removal, by means of hydrogen bond- 
ing, of the chloride ion. 

Of further possible bearing is our observation that 
trans - 2-thiophenyl-5-chloromethyl-5-methyl-2-oxo-1,3,2- 
dioxaphosphorinan undergoes substitution completely via 
retention, a situation which prevails in the absence of salts 
or in the presence of those cations which are not expected 
to coordinate strongly to s ~ l f u ~ . ~  Only the trans methyl 
esterlo is produced (Scheme 111) with its rate of formation 
dependent upon the substituent, R, in a predictable man- 
ner. In the presence of silver or mercury salts, however, 
where coordination between cation and leaving group is a 
possibility, the cis methyl ester, produced via inversion, 
predominates.* Thus, as we propose, there is a distinct pos- 
sibility that coordination of cations with leaving groups 
promotes inversion whereas in the absence of such effects, 
retention is favored. 

Scheme I11 
S G H 8  
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I 
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Experimental Section 
General. NMR spectra were recorded on a Varian A-60A spec- 

trometer with deuteriochloroform as solvent and tetramethylsilane 
as an external standard. Isomer ratios were obtained by interpreta- 
tion of peaks due to hydrogens on either axial or equatorial 5- 
methyl groups; axial CH3 1.29 ppm, equatorial CH3 0.97 ppm. 

Starting Materials. The phosphorochloridate was prepared as 
previously described4 and recrystallized (CC14) just prior to use. 
Before their employment, salts were thoroughly dried and stored 
under anhydrous conditions. p-Methoxyphenol was the reactant of 
choice owing to the ease of product work-up. Other nucleophiles 
including phenol gave similar results under the various conditions. 
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2-p-Methoxyphenoxy-~-chloromethyl-5-methyl-2-0~0- 
1,3,2-dioxaphosphorinan. A solut ion o f  phosphorochloridate 
(2.18 g, 0.01 mol)  and lithium perchlorate (1.06 g, 0.01 mol) in 10 
ml o f  dried, freshly dist i l led acetonitrile was added t o  a solut ion of 
p-methoxyphenol (1.24 g, 0.01 mol)  and tr iethylamine (1.01 g, 0.01 
mol) in 10 ml of  the same solvent. T h e  solut ion was st irred at room 
temperature for  2 h and added t o  200 ml of  H20. The crystalline 
sol id was removed by suction f i l t rat ion, washed well  w i t h  water, 
and dried. The product  was recrystallized f rom carbon tetrachlo- 
r ide  wi thout  undergoing a change in isomers rat io, 2.65 g (92.7%), 
96.1% cis, 3.9% trans. 

Anal. Calcd for C12H1&105P:11 C, 50.35; H, 5.59; C1, 12.24. 
Found: C, 50.46; H, 5.52; C1, 12.38. 

This  procedure is typical of those used t o  obta in  the rat ios of 
Table 1. 

R e g i s t r y  No.-cis-2-p-Methoxyphenoxy-5-chloromethyl-5- 
methyl-2-oxo-1,3,2-dioxaphosphorinan, 36912-31-9; t rans-2-p-  
methoxyphenoxy-5-chloromethyl-5-methyl-2-oxo~l,3,2-dioxaphos- 
phor inan 36912-32-0; trans-2-chloro-5-(chloromethyl)-5-methyl- 
2-oxo-1,3,2-dioxaphosphorinan, 28097-07-6; p-methoxyphenol, 
150-76-5; LiC104, 7791-03-9; Mg(C10&, 13770-16-6; KC104, 7778- 
74.7; (C2H5)3N+CH2CsH&l-, 56-37-1; trans-2-thiophenyl-5-chlo- 
romethyl-5-methyl-2-oxo-1,3,2-dioxaphosphorinan, 36912-44-4; 
trans-2-methoxy-5-chloromethyl-5-methyl-2-oxo-l,3,2-dioxa- 
phosphorinan, 36912-27-3; cis-2-methoxy-5-chloromethyl-5- 
methy l  2-0~0-1,3,2-dioxaphosphorinan, 28097-12-3. 
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Tetracyclo[3.2.0.02~'.04.6]heptane (1) has emerged as a 
useful substrate for the study of nucleophilic additions to 
strained carbon-carbon o bonds. When electrophilic sub- 
stituents are attached a t  C-1, the 1-7 bond becomes vulner- 
able to nucleophilic cleavage, under mild reaction condi- 
tions.1a,b,2,3 I t  seems likely that such reactions proceed 
through nortricyclyl anions of general structure 2, their 

1 
- 

2 3 

I &CO&H, H H '&C02CH3 H Li 

4 5 

ease of formation being determined by the ability of the at- 
tached group X to stabilize adjacent negative charge.2 
However, until now those anions have been intercepted 
only by protonation, even when acetonitrile was the sole 
proton ~ o u r c e . ~  This research was initiated with the objec- 
tive of trapping 2 with alkylating agents, and, to that end, 
the iodide opening of 1 -carbomethoxyquadricyclene (3) 
was chosen as a model reaction. 

Our first task, then, was to demonstrate the feasibility of 
1-7 bond cleavage in 3 by iodide ion, and, accordingly, 3 
was allowed to react with lithium iodide in acetonitrile. 
Following work-up, a 43% yield of crude 3-carbomethoxy- 
5-iodonortricyclene (4), epimeric at C-3, was ~ b t a i n e d . ~  
The structure of 4 was inferred from its elemental composi- 
tion and spectra (ir, near ir, NMR). Specifically, the 60- 
MHz IH NMR spectrum of 4 displays a complex 7 H multi- 
plet a t  high field, a carbomethoxy singlet a t  6 3.67, and a 
pair of broad singlets a t  6 3.92 and 4.10 which we assign to 
H-5 of the individual epimers. 

I t  seems likely that 3-lithio-3-carbomethoxy-5-iodonor- 
tricyclene ( 5 )  is an intermediate in the above reaction. In- 
deed, a successful in situ methylation of 5 has been 
achieved. When a solution of 3 in THF was added dropwise 
to a solution of lithium iodide in iodomethane-THF, a 
mild, exothermic reaction ensued. Following work-up, a 
74% yield of crude 3-methyl-3-carbomethoxy-5-iodonortri- 
cyclene (6) was obtained as a yellow oil. Unfortunately, 
while 4 is stable in air, 6 rapidly turns green, and the pre- 
cipitation of a black, amorphous solid follows. The 60-MHz 
IH NMR spectrum of 6 is similar to that of 4 except that it 
exhibits a carbon-bound methyl singlet a t  6 1.23. However, 
we have been unable to obtain a completely satisfactory 'H 
NMR spectrum of 6. The carbomethoxy singlet invariably 

CH, 
6 

CH3 

7 

CHiPh 
8 

CH2Ph 

9 


