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The reaction of vinylsilanes with cyclopentadiene and the addition of silanes to bicycloheptadiene have been 
explored as routes to 5-trimethylsilylbicyclo [2.2.1] hept-2-enes. Structural and configurational assignments 
have been made on the basis of infrared and n.m.r. spectra and independent synthesis. 
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In  connection with studies on the chemistry of 
cyclic compounds substituted by organometallic func- 
tions we sought to prepare compounds I, 11, and 111. 
The two most obvious routes were addition of silicon 
hydrides to a double bond of bicycloheptadiene (hy- 

a , X  = Y = C1 C, X = Y = CH, 
b, X = C1; Y CHa d, X = Y OET 

drosilation) and the Diels-Alder reaction between 
vinylsilanes and cyclopentadiene. The first route has 
been studied by Petrov, et al., who showed that both 
norbornenes and nortricyclenes were formed, but 
they did not att,empt to  establish the stereochemistry 
of the  product^.^ Wagner and his co-workers4 have 
reported the use of the Diels-Alder approach. We 
have studied each reaction with different silanes and 
have determined the proportions of I, 11, and I11 formed 
in each case. Structural assignments were based on 
infrared and n.m.r. spectral studies and configurations 
were assigned on the basis of n.m.r. spectra and inde- 
pendent synthesis. 

Hydrosilation of Bicyc1oheptadiene.-Among the 
catalysts which have been used for the hydrosilation of 
carbon-carbon multiple bonds are chloroplatinic 

free-radical S O U ~ C ~ S , ~ . ~ ~ ~ , ~ ~  and platinum on 
c h a r ~ o a l . ~ ~ ~  We have examined the hydrosilation of 
bicycloheptadiene with methyldichlorosilane and tri- 
methylsilane using chloroplatinic acid as catalyst ; 
with trichlorosilane, niethyldichlorosilane, and tri- 
methylsilane using platinum on charcoal; and with tri- 
chlorosilane using azobisisobutyronitrile catalysis, The 
results are summarized in the first six entries of 
Table I. 
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The chloroplatinic acid catalyzed hydrosilation of 
bicycloheptadiene is the first reported case of endo 
addition which produces a norbornenyl product. 
This is a surprising result in view of the fact that the 
exo side of bicycloheptadiene is the least hindered.“ 
This is aniply documented by numerous other ex- 
amples.12 In  each case in which the stereochemistry 
of the norbornenyl adduct has been determined it has 
been found that the product was that  expected to 
result from ex0 attack by the initiating electrophile or 
free radical.12 The novel stereochemical course of the 
hydrosilation probably reflects the ability of the endo 
side of the bicycloheptadiene molecule to function as a 
bidentate ligand.13 We suggest that the course of 
hydrosilation catalyzed by chloroplatinic acid procedes 
to a large extent by a mechanism in which “coordina- 
tion control” plays an important role. In the present 
instance a silane-olefin-catalyst c o n ~ p l e x ~ ~ ~ ~  becomes 
coordinated to the endo side of the diene and the re- 
action proceeds by 2,3-addition to provide the endo- 
norbornene adduct, or by 2,B-addition t0 provide the 
nortricyclene. A similar mechanism is indicated in 
the chloroplatinic acid catalyzed addition of tri- 
methylgerniane to norbornadiene which yields 75y0 

(11) J. Meinwald. Y. C. Meinwald, and T. N. Baker, 111. J .  A m .  Chem. 
Soc.. 36, 2513 (1963). 

(12) Powerful dienophiles, such as maleic anhydride [E. F .  Ullman, 
Chem. Ind .  (London), 1173 (1958)l. bis(triAuoromethy1)acetylene [C. G. 
Krespan, B. C. McKusick, and T. L. Cairns, J .  A m .  Chem. Soc., 83, 3428 
(196111, dicyanoacetylene [C. D. Wies, J .  Ore. Chem., 13, 74 (1963)], tetra- 
cyanoethylene [A. T. Blomquist and Y. C. Meinwald, J .  A m .  Chem. SOC. ,  
81, 667 (1959)], and acrylonitrile [G. N. Schrauzer and S. Eichler, Chem. 
Ber. ,  96, 2764 (1962); H. K. Hall, Jr., J .  Ore. Chem., 26 ,  42 (1960)], react 
uia 2,6-addition to  produce tetracyclo [3.2.1.l~.0*.‘lnonanes. Dimethyl 
diazodicarboxylate also reacts to  give a 2,6-adduct as well as an olefinic 
product of undetermined structure [S. J. Cristol, E. L. Allred, and D. L. 
Wetzel, ibid. ,  21,  4058 (1962) I. Under ionic conditions water, methanol, 
performic acid. hydrogen bromide [G. T. Youngblood, C. D. Trivette, Jr., 
and P. Wilder, Jr., ibid. ,  99, 684 (1958)], bromine [S. Winstein and M. 
Shatavsky, J .  A m .  Chem. Soc., 73, 592 (1956)], iodine [H. W. Johnson, Jr., 
and P. N. Landerman. J .  Ore. Chem., 17, 303 (1962)1, and t-butyl hydroper- 
oxide IN. A. Milas and P. P. H. L. Otto, ibid., 16, 2225 (19SO)l yield predomi- 
nantly or exclusively nortricyclene derivatives. Nortricyclenes are also 
formed upon reaction with boron trichloride, phenylboron dichloride [F. 
Joy  and M. F. Lappert, Proc. Chem. Soc., 353 (1960)1, stannic bromide [F. 
M. Rabel and R. West, J .  A m .  Chem. Soc., 34, 4169 (1962)], methylphos- 
phonous dichloride [M. Green, Proc. Chem. SOC.,  177 (1963)], and l-iodo- 
perfluoropropane IN. 0. Brace, J .  Ore. Chem., 27, 3027 (1962)l. On the 
other hand, benzyne, tetrafluoroethylene [R. J. Shozda and R. E. Put- 
nam, ibid. .  27, 1557 (1962)1, diborane [H. C. Brown and G.  Zweifel, J .  A m .  
Chem. Soc., 81, 5832 (195911, nickel carbonyl IC. W. Bird, R. C. Cookson, 
J. Hudec, and R. 0. Williams, J .  Chem. Soc.. 410 (1963)1, methylene i o d i d e  
zinc-copper couple [H. E. Simmons and R. D. Smith, J .  A m .  Chem. SOC. ,  
81, 4256 (1959)1, and triphenylchromium [W. Metlesics, P. J. Wheatlcy, 
and J. Zeiss, ibid. ,  84, 2327 (1962)l undergo reaction to  form norbornenes by 
predominantly ezo addition. Nitrosyl chloride [J. Meinwald, Y. C .  Mein- 
wald. and T. N. Baker, 111, ibid. .  36, 2513 (1963)l adds to  norbornene and 
norbornadiene via ezo-cia addition. The free-radical additions of thio- 
phenol and pthiocresol produce mixtures of 3-nortricyclyl aryl thio ether 
and ezo-5-norbornenyl aryl thio ether [S. J. Cristol. G. D. Rrindell, and J. 
A .  Reeder, ibzd., SO, 635 (1958); D. J. Trecker and J. P. Henry, zbid., 86, 
3204 (1963) 1. Other free-radical addends yield nortricyclenes exclusively 
upon reaction with norbornadiene (preceding reference). 

(13) E. W. Abel, M. A. Bennet, and G. Wilkinson. J .  Chem. SOC.,  3178 
(1959). 

(14) J. W. Ryan and J. L. Speier, J .  A m .  Chem. SOC. ,  86 ,  895 (1964). 
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TABLE I 
DATA O N  PREPARATION OF 

SILYLNORBORNENES A N D  -NORTRICYCLENES 

Product 
Temp., Yield, distribution, % 

Silane "C. Catalyst % I I1 I11 

HSiMeC12" 50-60 H2PtC16 80 30 6 64 
HSihIeClZ" 50-60 Pt-C 77 94 6 

HSiC13' 80-100 AIBN 80* 53 28 7 
HSiClB' 35-50 Pt-C 25 100 

HSihIe3" 175-200 H2PtCls 45 21 23 56 
HSiMe3" 175-200 Pt-C 55 12 35 53 
ViSiCl,' 50-60 68 20 80 
ViSiC13"' 175-200 73 50 50 
ViSiMeC12" 50-60 40 27 73 

Visi( OEt)3",d 176-200 15 65 35 
ViSihleC12"'d 175-200 58 55 45 

a Reaction was carried out with bicycloheptadiene. * An uni- 
dentified olefinic silane constituted 13% of this reaction mix- 
ture. Reaction was carried out with cyclopentadiene; Vi de- 
notes vinyl. The cyclopentadiene was generated in situ from 
the dimer. 

endo-norbornene, 1.5% exo-norbornene, and 10% 
nortricyclene. The coordinative ability of the 
diene may also determine the course of addition of 
certain electrophilic reagents such as tetracyano- 
ethylene16" and stannic bromide. 16b 

Intermediate complexes between bicycloheptadiene 
and metal ions have been invoked to account for the 
course of reaction in two different ways. Zeiss" 
suggested that phenylation by triphenylchroniium 
involves formation of an endo complex with triphenyl- 
chroniiuni followed by transfer of a phenyl group to the 
exo side of the complex from another molecule of tri- 
phenylchromium. Schrauzer, on the other hand, 
suggests that the addition of acrylonitrile catalyzed 
by nickel (11) involves formation of a complex with 
acrylonitrile and the endo side of bicycloheptadiene 
as ligands followed by direct endo 2,6-addition of the 
nitrile to the diene.18 

The results obtained in the hydrosilation of nor- 
bornadiene catalyzed by platinum on charcoal can be 
rationalized in terms of predominant or exclusive 
endo attack. "Coordination control" is again indi- 
cated in view of the contrasting 97% exo addition 
of niethyldichlorosilane to norbornene (see below). 

It has been suggested that the active species in 
chloroplatinic acid catalysis is metallic platinum 
fornied by reduction of the Pt(1V) by the ~ i l a n e . ~  How- 
ever, in the addition of methyldichlorosilane to bicyclo- 
heptadiene a t  50-60°, platinum on charcoal and chloro- 
platinic acid give profoundly different results. The 
former produces a product mixture which consists of 
94y0 Ib,  whereas the latter produces a mixture which 
contains only 30y0 Ib. It can therefore be said 
that there are fundamental differences between the 
two catalyst systems. 

The formation of a significant amount of the endo 
isomer in the free-radical-catalyzed hydrosilation con- 
stitutes an exception to the rule that free-radical 
additions to bicycloheptadiene give only exo products.1g 

(15) Unpublished observations from this laboratory: (a) R .  H. Fish: 

(16) (a) 4. T. nlomquist and Y. C. Meinwald, J .  Am. Chem. Soc., 81, 

(17) K. Rletlesics, P. J. Wheatley, and J .  Zeiss, ibid., 84, 2327 (1962). 
(18) G. K. Schrauzer and S. Eichler. Chem. Ber . .  96, 2764 (1962). 
(19) D. J. Trecker and J. P. Henry, ibid.. 86, 3204 (1963). 

(b) 0. R. Kahn and I. J. Tyminski. 

667 (1959): (b) F. M. Rabel and R .  West, ibid., 84, 4169 (1962). 

Another exception is the free-radical addition of tri- 
methyltin hydride which gives nearly equal amounts 
of endo and ex0 2,3-adducts. 15b These observations 
suggest that even the attack by organosilyl and organo- 
tin radicals may be directed to some extent by co- 
ordination involving vacant d-orbjtals. The higher 
polarizability of the organotin radical would account 
for the higher proportion of endo adduct in that case. 

Diels-Alder Reaction between Vinylsilanes and 
Cyc1opentadiene.-Reactions with vinyltrichlorosilane 
and methyldichlorosilane proceeded according to the 
rule of Alder and Steinz0 leading to the endo adduct 
as the major product a t  50-60'; at 175-200O the dis- 
tribution of isomers was essentially random. Vinyl 
triethoxysilane gave only a poor yield of adduct in 
which the exo isomer predominated. 

The synthetic results indicate that the best route 
to the silylnortricyclene is the hydrosilation of bicyclo- 
heptadiene with trichlorosilane catalyzed by platinum 
on charcoal. The highest proportion of the endo- 
silylnorbornene I I Ib  is obtained by hydrosilation of 
bicycloheptadiene with methyldichlorosilane catalyzed 
by chloroplatinic acid a t  50-60'; whereas, the highest 
proportion of the exo-silylnorbornene IIa results from 
the free-radical addition of trichlorosilane to the diene 

Configurational Assignments via Independent Syn- 
thesis.-As a means of establishing configurations of 
the products of the reactions discussed above, three 
synthetic schemes, each depending on the well-estab- 
lished rule of exo addition,21 were carried out. Reaction 
1 provided authentic endo-2-trimethylsilylnorbornane 

a t  80-100 O . 

. .  
IV (1) 

(IV) . Catalytic hydrogenation of norbornenes has 
been shown to proceed predominantly by exo addition.zZ 
It has been suggested that platinum-catalyzed hydro- 
silation and hydrogenation proceed by analogous mech- 
anisms with the catalyst polarizing the bond involving 

SiC1,Me & 
p t - y  

MeMgBr \ 

V ( 2 )  
(20 )  K. Alder and G. Stein, Angew. Chem., 60, 514 (1937). 
(21) (a) S. J. Cristol, J. R. Douglass, W. C. Firth. Jr . ,  and R .  E. Krall, 

J .  O r g .  Chem., 27, 2711 (19621, (b) E. J. Corey, R. Harmann, and P. A. 
Vatakencherry. J .  Am. Chem. Soc. ,  84, 2611 (1962). 

( 2 2 )  R. L. Burwell. Jr . ,  Chem. Reu., 67, 895 (1957). 
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the hydrogen,23 and supporting evidence has been ob- 
tained in the cis hydrosilation of  acetylene^.^^^ Ac- 
cordingly, reaction 2 would be expected to provide 
e.ro-2-trimethylsilylnorborna1ie (V) . Reaction 3 led 
to  authentic IIc and gave V upon hydrogenation, 

HiRCle + MeC12SiH - 
c1 c1 

IIC (3) 1. MeMgBr 
2. I-BuOK 

thus confirming the exo configuration of the trimethyl- 
silyl group. Authentic IIIc was not prepared inde- 
pendently, and could not be separated from niixtures 
with IIc. However, hydrogenation of niixtures yielded 
the corresponding triiiiethylsilyliiorbornanes which 
could be separated by gas chromatography and char- 
acterized individually. 

N.m.r. Spectra.-The norborneiiyl and nortricyclyl 
carbon skeletons can be distinguished because of the 
absorption by the vinyl protons of the former near 6 
p.p.m. 

The configurational assignments of the norbornenyl 
isomers were confiriiied by n.ni.r. spectroscopy. 
FraserZ4 has observed that protons or proton-bearing 
substituents of bicyclo [2.2.1 Ihept-2-enes are shielded 
by the magnetically anisotropic double bond when in 
the endo &position and deshielded when in the ex0 5- 
position. Saturation of the double bond removes the 
effect and the endo signals move downfield and the exo 
signals move upfield. These observations apply to 
the methyl protons of the triniethylsilyl and niethyl- 
dichlorosilyl groups and even to the methyl and 
niethylene protons of the triethoxysilyl group, which 
are considerably farther removed from the double 
bond in the 2,3-position, as can be seen by inspec- 
tion of Table 11. Hydrogenation of I Ic  and IIIc  
causes shifts of the trinirthylsilyl proton resonances 
from 0.00 to -0.04 and from -0.10 to 0.00 p.p.ni., 
respectively, as expected. 

TABLE I1 
VARIATION OF CHEMICAL SHIFTS AS A FUXCTION OF THE 

STEREOCHEMISTRY AT C-5 
Compd. Assignment P.p.m.n 

IIC Si(CHd3 0 .  OOb 
I I Ic  - 0 .  lob 
I I b  SiC12CHS 0 .  78b 
I I I b  0 .  60b 
>IId CHI 1,19" 

CH, 3 .  8lC 
I I Id  CH, 1.14' 

CHz 3 7 3  
a Relative to tetramethylsilane. 20% solutions in carbon 

tetrachloride. Neat. 

The vinyl region of the n.ii1.r. spectrum of 5 - e m -  
triniethylsilyl-2-norbornene (IIc) is  shown in Fig. 1. 
This is a pair of typical ABz5 patterns split by 3.0 C.P.S. 
by coupling with the adjacent bridgehead protons, 

(23) L. Goodman, R. M. Silverstein, and J. N. Shoolery, J .  A m .  Chem. 

(24)  R.  R. Fraser, Can. J .  Chem., 40, 78 (1962). 
(25) I<. R. Riberg  and R. J. Kist, "Interpretation of K.M.R. Spectra," 

Soc..  78, 4493 (1956). 

W. A .  Benjamin. Inc., Kew York, N. Y.,  1962. 

EndP 

d 
6 5 6.0 5.5 6.5 6.0 5.5 

P.p m. ( 6 ) .  P p m. (8). 

Fig. 1.-The vinyl region in the n.m.r. spectra of bicyclo[2.2.1]- 
hep t-2-en-5-yltrimethylsilanes. 

with J b c  = 5.5 C.P.S. and 8bc = 15 C.P.S. The splitting 
pattern for the endo isomer, on the other hand, appears 
as a triplet' as shown in Fig. 1. 

We may treat the set comprising the vinyl and 
bridgehead protons as an A2X2 system. In such a case 
the triplet could arise in either of two ways. In  the 
first, the coupling between the vinyl proton and ,the 
nearest bridgehead proton, J ,  would be of the same 
magnitude as between the vinyl proton and the allylic 
bridgehead proton, J ' .  In  this event the separation 
in the triplet would be ( J  + J ' ) / 2  leading to  a value of 
1.8 c.p.s. for J .  However, this value is too small, for 
a survey of the literature reveals that  coupling con- 
stants among vinyl and bridgehead protons vary only 
slightly with rather drastic changes in the stereochem- 
istry, number, and nature of substituents at the 5-,  
6-, and 7-positions of the norbornene ~lteleton.~6-~9 
Values of J vary between 2.4 and 3.0 c.P.s., vinyl 
coupling constants J b c  vary between 5.0 and 5.8 c.P.s., 
and the allylic couplings J b c  and J b d  vary between 0.0 
and 1.0 C.P.S. A second, more reasonable, explanation 
is that  the A2X2 set is a "deceptively simple spectrum" 
which can arise, as pointed out by Abraham and 
B e r n ~ t e i n , ~ ~  if the condition 

( J  - J' ) ' / (JbC - J a d )  < Aul /?  

where Avl/ ,  is the band width at half-height of the coin- 
ponent lines and has a value of 0.3 C.P.S. for the Varian 
A-60 spectrometer, is met. Consist'ency with previ- 
ously observed coupling constants and the observed 

(26) 0. L. Chapman. J .  A m .  Chem. Sor.. 86, 2014 (1963). 
(2 i )  P. Laszlo and P. von R. Schleyer, %bid.,  85, 2017 (1963). 
(28) P. Laszlo and P. von R. Schleyer. Abstracts of Papers, 145 th  National 

Meeting of the American Chemical Society, Kea Tork, N. Y., 1963, p. 3T.  
(29) P. Laszlo and P. von R. Schleyer, J .  A m .  Chem. SOC., 85, 2709 (1963). 
(30) R. J. Abraham and H. J. Bernstein, Can. J .  Chem., 39, 216 (1961). 
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spectrum results if we assume that J b c  = 5.5 C.P.S. 
and J a d  = 0.0 C.P.S. These values, along with the ex- 
perimentally observed line separation of 1.8 C.P.S. 
which equals ( J  + J ' ) / 2  and the niaxiniuni value of 
1.8 C.P.S. for J - J ' ,  give J = 2.7 C.P.S. and J '  = 0.9 
C.P.S. 

The variation in chemical shifts of the bridgehead 
protons shown in Table I11 can be interpreted in terms 
of stereochemical and electronegativity effects of sili- 
con function. In  IIIc both protons appear a t  2.92 
p.p.ni. indicating that the triniethylsilyl group exerts 
a negligible inductive effect. In  the ex0 isomer the 
resonance at  2.72 p.p.ni. is assigned to H d ,  and the up- 
field shift is attributed to shielding by the magneti- 
cally anisotropic carbon-silicon bond, the angle between 
the axis of this bond and a line joining its midpoint 
to H d  being less than 55°.31 In IIIa  and I I Ib  the 
greater electronegativity of the chlorosilyl groups 
causes both of the protons to move downfield owing to 
inductive deshielding, with the greater effect being 
felt by the closer H d .  In  IIa and IIb this inductive 
deshielding is just counterbalanced by the magnetic 
anisotropy effect and both protons have the same 
chemical shift in each compound. As would be ex- 
pected, if only the inductive effect operates, the chemi- 
cal shift of Ha is the sanie in I Ia  as in IIIa,  and in I Ib  
as in IIIb.  Other n.11i.r. data are found in Table IV. 

TABLE I11 
CHEMICAL SHIFTS OF BRIDGEHEAD HYDROGENS OF 

MVBSTITGTED SORBORNENE DERIVATIVES"'~ 
Compd. H, Hd 

IIC 2.92 2 .72  
I Ib  3 .03  3 . 0 3  
I Ia  3 .10  3 .10  
IIIC 2.92 2 .92  
IIIb 3 .00  3 .18  
IIIa  3 .10  3.27 

a Probable errors are f 1 . 0  to f 2 . 0  cps. Values are given as 
* The samples were run as 207, solutions in carbon p.p.m, 

tetrachloride with tetramethylsilane as internal reference. 

Infrared Spectra.-The spectra of nortricyclenes 
have a C-H stretching frequency of the cyclopropyl 
hydrogens at  3070 cm.-' and a characteristic band a t  
800 cn1. Nortricyclenes substituted on the cyclo- 
propane ring also have bands near 860 and 780 em.-' 
as shown by Hart and Martin.6 Compound Ia showed 
a strong absorption a t  800 cni.-', and IC had a strong 
band a t  795 with a shoulder at 802 cm.-'. These 
bands are obscured by an intense band due to the SiCL- 
CH3 group around 800 cm.-l, in Ib,  which is also 
present in I Ib  and IIIb.  The absence of a band in the 
spectrum of Ib in the 825-890-cm.-' region indicates 
that it is not a 1-substituted n~r t r i cyc lene .~~  

The spectra of all of the norbornenes displayed the 
carbon-carbon double stretching frequency a t  1570 
cn1,-1 32b,34--36 and the strong sharp C-H in-plane de- 
formation at 1335 Compounds IIa, IIIa,  

* (31) H. M. IMcConnell. J .  Chem. Phys. ,  17, 226 (1957). 
(32) (a)  G. E. Pollard, Spectrochim. Acta.  18, 837 (1962); (b) J. D. 

Roberts, E. R .  Trumbull. W. Bennet. and R. Armstrong. J .  A m .  Chem. Soc.. 
?a ,  3116 ( i ~ ~ i o i .  

(33) H. Hart  and R. A.  Martin, J .  Orp. Chem., 24, 1267 (1959). 
(31) H. E. Simmons, J .  A m .  Chem. Sac., 83 ,  1657 (1961). 
(35) P. yon R. Schleyer. ihid.. 80, 1700 (1958). 
136) C. F. Wilcox, Jr . .  and R .  R. Craig. ihad., 83, 3866 (1961). 

Chemical" 
shift,  Area 
p.p.m. (calcd.) 

2.35 1 
1 . 6 3  11 

1.16-1.48 7 

2.21 1 
1.10-1.56 8 

0 .72  3 

1 .94  1 
1.10-1.22 4 

1.02 3 
0.62 1 

-0 .02  9 

6 .13  1 
5 .87  1 
2.92 1 
2.72 1 

0.19-1.82 5 
0.00 9 

5 .95  2 
2.92 2 

0.78-2.10 5 
-0 .10 9 

2.31 2 
0.78-1.78 9 

0.00 9 

2 .20  2 
1.13-1.61 8 

0 .55  1 
-0.04 9 

6.29 1 
2.85-2.93 2 

0.83-1.68 6 
0.06 9 

TABLE I\' 
N.M.R. SPECTRAL DATA 

Coupling 
Multiplicity constantb 

I a  
Multiplet 
Cnsym. doublet Jh, = 11.5 
Complex 

Multiplet 
Complex 
Singlet 

Multiplet 
Complex 
Singlet 
Broad singlet 
Singlet 

IIC 
Unsym. quartet J b c  = 5.5 
Unsym. quartet J a b  = J c d  = 3.0 
Broad singlet 
Broad singlet 
Complex 
Singlet 

I b  

I C  

IIIC 
Triplet J a b  = J o d  E 3.0 
Multiplet 
Complex 
Singlet 

Multiplet 
Complex 
Singlet 

Broad multiplet 
Complex 
Unsym. triplet 
Singlet 

IV 

V 

VI 

Broad singlet 
(sh) 

Complex 
Singlet 

Doublet Jbe = 3.0 

Assign- 
ment' 

d 
h 

d 

SiCH3 

d 

a, b, g 
C 

SiCH3 

b or c 
b or c 

a 
d 

SiCH3 

b and c 
a and d 

SiCH3 

a, e 

SiCH3 

a, e 

b 
SiCH3 

b 
a, c 

SiCH3 
a Probable errors are -0.05 p.p.m. * Given in C.P.S. Prob- 

Samples were run as carbon tetra- 
See structures 1-111 in text for numbering 

able error is f 0 . 2  C.P.S. 
chloride solutions. 
system. 

IIc, and IIIc have only weak absorbances in the 800- 
810-cm. -I region. 

Differences in the spectra of the endo and e m  isomers 
consist primarily of weak bands in the fingerprint 
region. These are distinguished from the other 
bands listed in the Experimental section by being 
enclosed in parentheses. 

Experimental 
General Considerations.-Reagents were used without puri- 

fication unless otherwise specified. The silanes were purchased 
from the Union Carbide Company; the norbornene was obtained 
from the Aldrich Company. The authors are grateful to the Shell 
Chemical Company for providing a generous quantity of bicyclo- 
heptadiene. 

The infrared spectra were all taken using a Perkin-Elmer Model 
21 spectrometer. The n.m.r. data were recorded using a Varian 
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il-60 instrument.37 The gas-liquid chromatographic (g.l.c.1 
analyses were carried out using a F & M Model 300 programmed 
temperat,ure gas chromagraph with helium as the carrier gas a t  a 
flow rate of 30 ml./min. 

All yields are based on reacted starting material. 
Analyses were made by Galbraith Laboratories, Knoxville; 

Tenn. 
Analysis of Product Mixtures .-The reaction mixtures result: 

ing from the use of halosilanes were methylated and the product 
analysis was carried out on the alkylated silanes. The exo- and 

lo [2.2.1] hept-2-en-5-yltrimethylsilanes always ap' 
peared as one peak on gas chromatograms; separation of the iso- 
mers remains to be achieved. However, the tricyclo[2.2.1 .0286]- 
hept+yltrimethylsilane (IC) is easily separated from the nor- 
bornenes I I r  and IIIc  using a 4-ft. column of 2OYc Apiezon L on 
Chromosorb 60-80 mesh with the temperature programmed a t  
13'/niin. from an injection temperature of 100". Mixtures 
consisting of I I c  and IIIc  only were assayed by measuring the 
areas under the respective peaks in the n.m.r. spectra due to the 
protons of the methylsilyl functional group. I n  mixtures con- 
taining all three compounds IC-IIIc the ex0 to endo ratios were 
determined by inspection of the vinyl region. The downfield 
half of  the symmetrical exo multiplet is free of interference by the 
endo triplet; thus measurement of the areas of the vinyl region 
as diagrammed in Fig. 2 could be used to determine the relative 
amounts of each. The per cent of exo trimethylsilyl norbornene 
IIc  is given by the equation 100'2(x)/[(x) + (y)] .  

Positive identification of the products of the Diels-Alder reac- 
tion was made by hydrogenating the mixture of I I r  and I I I c  
under conditions identical with those used to hydrogenate bi- 
cyclo[2.2.1] hept-2-en-2-yltrimethylsilane. The resulting two 
saturated isomers were then isolated in quantities sufficient for 
positive infrared spectral identification by using a copper 
column 0.25 in. X 17 ft .  packed with 207, silicone oil 200 on 
Chromosorb P. The infrared spectra of the saturated Diels- 
Alder products were identical with authentic samples of V and 
IV. 

The methylated products from the chloroplatinic acid cata- 
lyzed addition of methyldichlorosilane to bicycloheptadiene were 
separated by careful fractional distillation. Identification of the 
components was made by infrared spectra and hydrogenation of 
the unsaturated components. The methylated products from 
the free-radical reaction were identified by a combination of 
fractional distillation and g.l.c., n.m.r., and infrared spectra. 

Preparation of Platinum-on-Charcoal Catalyst .-The procedure 
used is identical with that described by Baltzly.38 Because of the 
capririous nature of catalysis, the materials used are listed here: 
(I)  chloroplatinic acid prepared by dissolving 3 g. of platinic 
chloride in 100 ml. of water with 0.02 g. of lead acetate; (2) Norit 
A produced by Yiatheson Coleman and Bell; and (3) palladium 
chloride. 

Methylation Procedure for Chlorosi1anes.-The chlorosilane 
was added slowly to a 10% excess of 0.5 M methylmagnesium 
bromide in diethyl ether. After the addition was complete, the 
reaction mixture was stirred under reflux for 6 hr. and poured into 
a mixture of saturated aqueous ammonium chloride, ice, and 100 
ml. of ether. The ether layer was separated, washed succes- 
sively with water and saturated aqueous sodium chloride, and 
dried over magnesium sulfate. The ether was removed at atmos- 
pheric pressure and the product was distilled a t  reduced pressure. 

Bicyclo [ 2 . 2 .  I ]  hept-2-en-2-yltrimethylsilane (VI) .-The bi- 
cycle [2.2 I 11 hept-2-en-2-yl bromide was prepared as described by 
LeBe1.a9 

A suspension of 1.5 g. of lithium sand containing 2Tc sodium in 
25 ml. of anhydrous tetrahydrofuran was placed in a 50-ml. 
round-bottom flask, equipped with a condenser, drying tube, 
stirrer, and pressure-equalizing dropping funnel. The system 
was frequently flushed with nitrogen during the course of the 
reaction. The reaction flask was chilled to 0" and 8.64 g. (0.053 
mole) of bicyclo [2.2.1] hept-2-en-2-yl bromide was added drop- 
wise with rapid stirring. Fifteen minutes after the addition was 
complete 5.94 g.  (0.055 mole) of freshly distilled trimethylrhloro- 
silane was added dropwise. This reaction mixture was stirred 
for 2 hr. at 0". I t  was then poured onto a mixture of saturated 
aqueous ammonium chloride, ice, and 200 ml. of diethyl ether. 

(37) Purchase of this instrument was made possible by a grant from the 

(38) R. Baltzly, J .  Am. Ckem. SOC.. 74,  4586 (1952). 
(39) N. A .  LeRel. ibtd.. 82, 623 (1960). 

National Science Foundation. 

Y - 

6.5 6.0 5.5 
P.p.m. (6). 

Fig. 2.-Illustrative n.m.r. analysis of a mixture of IIc and 111;: 

The ether layer was separated and extracted successively with 
50-ml. portions of water and saturated aqueous sodium chloride, 
and dried over magnesium sulfate. The ether was removed by 
distillation a t  atmospheric pressure. Vacuum distillation of the 
residue yielded 3.0 g. (367,) of VI having b.p.  30" (0.55 mm.),  
n x 4 ~  1.4630. A gas chromatogram, obtained with a 4-ft. column 
of 20% Apiezon L on Chromosorb 60-80 mesh, indicat'ed greater 
than 9970 purity; infrared spectrum: vmRX (film) 3105 (w),  2920, 
2850, 1555, 1298, 1248, 1120, 1038, 855, 810, 792, and 750 em.-'. 

Anal. Calcd. for CloH,,Si: C ,  72.22; H, 10.91; Si, 16.87. 
Found: C, 72.15; H ,  11.04; Si, 16.61. 

Bicyclo [2.2.1] hept-2-yl-endo-trimethylsilane (IV) .-A sample 
of 1.75 g. (0.01 mole) of the bicyclo[2.2.l]hept-2-en-2-yltri- 
methylsilane was added to 10 ml. of ethyl acetate containing 50 
mg. of prereduced Adams catalyst. The mixture was hydrogen- 
ated a t  25 p.s.i. in a Parr hydrogenator for 12 hr. The ethyl ace- 
tate was removed and the product was distilled, yielding in excess 
of 1 g. of the anticipated product; b.p. 31" (0.75 mm.);  n Z 4 ~  
1.4637; infrared spectrum: vmRX (film) 2965, 2875, 1248, (1191), 
(llG3), 910, 868, 832, (763), 749, and 743 cm.?. 

Anal. Calcd. for CloH&i: C ,  71.34; H,  11.97; Si, 16.68. 
Found: C, 71.11; H, 12.07; Si, 16.58. 

Bicyclo [2.2.1] hept-2-yl-em-trimethylsilane (V) .-A mixture of 
20 g. (0.21 mole) of norbornylene, 26.4 g. (0.23 mole) of methyl- 
dichlorosilane, and 0.25 g. of the platinum on charcoal was heated 
at reflux for 2 hr. until the temperature increased to 100". 
Distillation of the reaction mixture yielded 24.4 g. (55%) of 
adduct, b.p. 85.2-87.5' (0.20 mm.).  

Methylation in the usual way yielded 11.5 g. (32%) of V, b.p. 
34' (1.25 mm.),  nS4D 1.4624. G.1.c. of this product using a 17 ft.  
X 0.25 in. column of 20% paraffin oil on Chromosorb P indicated 
that it consisted of 979$ exo isomer V plus 3% endo isomer IV. 
A pure sample collected by g.1.c. provided the following spectral 
data:  vmaX (film) 2970, 2865, 1248, (1209), (1187), (1147), (1137), 
906, 873, 851, 828, 745, and 682 em.-'. 

Anal. Calcd. for CloH&i: C, 71.34; H ,  11.97; Si, 16.68. 
Found: C, 71.31; H ,  12.04; Si, 16.89. 

(IIc) .-The 
Diels-Alder reaction between vinyl chloride and cyc lopentadiene 
was carried out as described previously.32b T o  23.5 g. (0.19 mole) 
of the bicyclo[2.2.l]hept-5-en-2-yl chloride, thus prepared, was 
added 0.4 ml. of 0.1 M ethanolic chloroplatinic acid. This mix- 
ture was placed in a 250-mi. flat-bottomed flask equipped with a 
magnetic stirrer, rondenser with a drying tube, and a pressure- 
equalizing dropping funnel, and 21.2 g. (0.18 mole) of methyl- 
dichlorosilane was added dropwise over a 30-min. period as the 
mixture was refluxed in a nitrogen atmosphere. At this time the 
wlution suddenly turned black and the reaction proreeded 
vigorously. It was then stirred and heated a t  60-70" for 15 min. 
Dist'illation yielded 2.8 g.  of starting material and 36 g. (92%) of 
1 : l  adduct, h.p. 104-110O (1.3 mm.).  

The usual work-up yielded two fractions: (1) b.p.  63-64" and 
(2) b.p.  76-79" (1.5 mm.) .  The first fraction is as yet unidenti- 

Bicyclo 12.2 .I ] hept-2-en-5-yl-ezo-trimethylsilane 



fied. The second fraction, 7.0 g. (23?:), was used in the next step 
to prepare the exo isonier IIc. 

Aria/ .  Chlcd. for CloHl,C1Si: C,  59.22; H ,  9.44. Found: 
C, 59.51; H,  '3.63. 

The potassium t-butoxide solution was prepared by adding 7 g .  
of potassiuni metal to 100 ml. of anhydrous t-butyl alcohol. As 
the solution was boiling, 5.5 g .  (0.027 mole) of the trimethyl- 
sily1chlororiorbor.nane was added quickly. The mixture was 
stirred and heated under reflux overnight. I t  was poured into 
150 ml. of ic.e-wat,er and 200 ml. of diethyl ether. The ether layer 
was separated and washed once with water and once with satu- 
rated aqueous sodium rhloride. The washings were added t o  the 
the aqueous layer which was then extracted with 200 ml. of ether. 
The ether layer was separated and washed as before. Finally, 
the aqueous layers were extracted with 100 ml. of pentane. The 
combined pentane and ether layers were dried over magnesium 
sulfate, and concent,rated a t  atmospheric pressure. I>istillat,ion 
of the residue yielded two fractions. The first fraction, 0.25 g.  
(loc+), b .p .  34-36.2" ((1.75 mm.) ,  proved to be the desired bicyclic 
olefin IIc along with loc& endo isomer I i Ic  and 20% start- 
ing material. The second fraction, 2.5 g . ,  b.p. 63-64" (0.50 
mm.) ,  appeared to be starting material in which the number of 
isomers had been reduced. The identity of this product was 
established by the hydrogenation to  the saturated analog which 
was then purified by preparative g.1.c. for infrared spectral com- 
parison with authentic bicyclo [ 2 . 2 .  I ]  hept-2-yl-em-trimethyl- 
silane. The infrared data for I Ic  were obtained using a sample 
purified by preparative-scale g.1.c. with a 4-ft,. column of 20% 
Apiezon L on Chromosorb 60-80 mesh: vmaX (film) 3140 (vw), 
3065 (w),  1569 (w), 1333, 1248, (1196), (1103), (1016), (975),950, 
888, 847, 827, 751, 715, and 684 cm.-l. 

This same reaction was carried out using the norbornenyl chlo- 
ride prepared from the reaction of hydrochloric acid with bicyclo- 
heptadiene in petroleum ether (b.p. 30-60") a t  -70°.40 Presuni- 
ably the chlorine would be in the exo position. This reaction 
sequence resulted in a mixture of 73% IIc and 27y0 I I Ic  as indi- 
cated by n.m.r. and g.1.c. 

Anal. Calcd. for CloH1,Si: C, 72.22; H ,  10.91; Si, 16.87. 
Found: C, 72.03; H, 10.88; Si, 16.75. 

Chloroplatinic Acid Catalyzed Reactions. A. Methyldi- 
chlorosilane with Bicyc1oheptadiene.-Because the results ob- 
tained in these laboratories are different from those previously 
reported,3 the experimental procedure will be described in detail. 
To  a flat-bottomed flask equipped with a magnetic stirrer, pres- 
sure-equalizing dropping funnel, and a condenser with a drying 
tube was added a mixture of 0.5 ml. of 0.1 Jf ethanolic chloro- 
platinic acid and 18 g. (0.20 mole) of bicycloheptadiene. To  this 
was added dropwise 22.8 g. (0.20 mole) of methyldichlorosilane. 
The reaction was initiated by heating to 50°, and it then pro- 
ceeded exothermically. The temperature was maintained a t  
40-50" by controlling the rate of addition of the silane. After 
the addition was complete, the reaction mixture was stirred for 1 
hr. Distillation yielded one fraction, 32.3 g. (80%,), b.p. 56- 
56.2" (0.35 rnm.). The n.m.r. analysis carried out by measuring 
the areas under the appropriate peak due to the methyl protons 
of the Si-CH, group indicated that the mixture contained 64% 
of the endo-norbornenyl compound I I Ib  and the remaining 3670 
consisted of a mixture of the nortricyclene I b  and the ezo-nor- 
bornenylmethyldichlorosilane (IIb) . These results were confirmed 
by methylation of the reaction mixture and separation of the 
norbornenyl and nortricyrlenic products by fractional distillation. 
Hydrogenation of the norbornenyl fraction and g.1.c. analysis of 
the resulting saturated products indicated that the endo isomer 
15' was contaminated by 95<, V.  

B ,  Trimethylsilane with Bicycloheptadiene .-This reaction 
was carried out in a sealed ampoule a t  175' for 5 hr. A mixture 
of 2.06 g. (0.022 niole) of bicycloheptadiene and 1.64 g. (0.021 
mole) of trimethylsilane with 0.1 nil. of ethanolic chloroplatinic 
arid yielded 1.3 g. ( 4 5 5 ) ,  b.p. 46-47" (1.5 mm.) ,  of the product 
mixture arid 0.S g. of starting material. 

Platinum-on-Charcoal-Catalyzed Reactions. A.  Trichloro- 
silane with Bicycloheptadiene .-A mixture of 45.5 g. (0.49 mole) 

loheptadiene, 40.2 g. (0.29 mole) of trichlorosilane, and 
0.25 g .  of ,the platinum on charcoal was placed in a round-bot- 
tomed flask equipped with a cvndenser with a drying tube. The 

, 

(40) >I. FIanack and U. Kaiser. Ann. .  667, 12 (1962). 

mixture was heated at reflux for 4 hr. I)istillation yielded 16.6 
g. (25%) of I a :  b.p. 48" (0.17 mm.);  u m R X  (film) 3060 (w), 2!lY7, 
2860, 1302, 1156,822,803, 742, and 672 c m . 3 .  X.ni.r. and y.1.c.. 
indirated that only a t,race of olefin was present in t,he product. 

Anal. Calcd. for C7HgC1,Si: C, 36.94; H ,  3.99; c'1, 46.74; 
Si, 12.33. 

This material was methylated in the usual way to yield (>om- 
pound IC: b.p.81" (18 mm.); n*% 1.4690; ynlax (film) 5061 (w), 
2950, 2862, 1299, 1248, 1152, 965, 930, 888, 855, 832, 795, 746, 
and 685 cm.-l. 

dnal.  Calcd. for CloHlgSi: C, 7'2.22; H, 10.91; Si, 16.87. 
Found: C, 71.88; H, 10.80; Si, 17.13. 

B. Methyldichlorosilane with Bicyc1oheptadiene.-A mixture 
of 18 g. (0.19 mole) of bicycloheptadiene, 0.1 g .  of the catalyst,@ 
and 22.0 g. (0.19 mole) of methyldichlorosilane was plared in a 
flask equipped with a magnetic stirrer, and condenser with a dry- 
ing tube. The reaction mixture was heated at  reflux and stirred 
for 1 hr. until the temperature increased to  about 100". 1)istilla- 
tion yielded some starting material and 22.5 g. (77cT)  of the 
adduct, b.p. 57.2-57.6' (0.25 mm.). The n.m.r .  analysis indi- 
cated that this mixture consisted of 92% methy1dic.hlorosilyI- 
nortricyclene (Ib) and 8% endo compound I I Ib .  The previous 
results were substant.iated by methylation of the mixture. The 
infrared spectrum gave the following results: Y ~ . , ~  (film) 3062 (w), 
2942, 2865, 1299, 1261, 1250, 1152, 964, 928, 824, 805, 785 (vs),  
761, and 738 em.-'. 

C. Trimethylsilane with Bicycloheptadiene .-A mixture of 
3.5 g. (0.04 mole) of bicycloheptadiene, 2.8 g.  (0.04 mole) of tri- 
methylsilane, and a catalytic amount of the platinum on charcoal 
was sealed under nitrogen in a glass ampoule. The ampoule was 
heated a t  175-200" for 5 hr. under autogenous pressure. 1)istil- 
lation of the reaction mixture yielded 0.80 g. of starting material 
and 3.00 g .  (55%), b.p. 46-47" (1.5 mm.) ,  of product. 

Free-Radical Reaction of Trichlorosilane with Bicyclohepta- 
diene.-A solution of 19.70 g. (0.214 mole) of freshly redistilled 
bicycloheptadiene and 28.82 g. (0.213 mole) of trichlorosilane 
was separated into three equal portions. Each portion was 
sealed under nitrogen in a glass ampoule with 0.2 g. of azobisiso- 
butyronitrile. The ampoules were then heated a t  80-100" for 13 
hr. under autogenous pressure. Distillation of the product mix- 
ture yielded start'ing material plus 11.00 g. (75%) of the product, 
b.p. 70-71" (0.5 mm.) .  

The methylation of the product was carried out in the usual 
way in 80% yield. 

Diels-Alder Reactions. A. Vinylmethyldichlorosilane and 
Cyclopentadiene at Low Temperature.-To a flat-bottomed flask 
equipped with a magnetic stirrer, pressure equalizing dropping 
funnel, and a condenser with a drying tube was added 84.8 g .  
(0.6 mole) of methyldichlorovinylsilane. Freshly prepared cyclo- 
pentadiene a t  -70" was added to the silane in 10-ml. portions. 
After each addition the solution was heated to  50-60" to initiate 
the reaction. A total of 36 g. (0.54 mole) of cyclopentadiene was 
used. The reaction mixture was then heated a t  50-60" for 1 hr. 
and distilled yielding 64 .I g. of the methyldichlorovinylsilan e 
and 12 g. (407,) of product. 

B. Vinyltrichlorosilane and Cyclopentadiene at Low Tem- 
perature.-This reaction was carried out as described above for 
the methyldichlorovinylsilane. A mixture of 121.2 g. (0.75 
mole) of vinyltrichlorosilane and 47 g. (0.74 mole) of cyclopenta- 
diene yielded 115 g. (687,) of the adduct, b.p. 62" (0.75 mm.). 

High Temperature Diels-Alder Reactions.-The dicyclo- 
pentadiene was purified prior to use by passing it through 
alumina. The mixture containing 1 molar equiv. of the vinyl- 
silane and 0.5 molar equiv. of dicyclopentadiene was sealed in a 
glass ampoule, the ampoule was then heated to 175-200" for 6 
hr., and the contents were distilled. The following results were 
obtained: (1) a solution of 14.3 g. (0.089 mole) of freshly distilled 
trichlorovinylsilane and 5.9 g. (0.045 mole) of dicyclopentadiene 
yielded 13.0 g. (657,) of product on distillation, b.p. 44-45' (0.15 
mm.), as well as 2.4 g. of starting material; (2) a solution of 13.2 
g .  (0.094 mole) of freshly distilled methyldichlorovinylsilane and 
6.1 g. 10.046 mole) of dicyclopentadiene yielded 2.0 g.  of starting 
material and 10 g. (58'3) of product; (3) a mixture of 6.6 g. 

lopentadiene and 19 g. (0.10 mole) of tri- 
ethoxyvinylsilane yielded 1.8 g. of starting material and 3.70 g. 
(15.55%) of 1 :  1 adduct (the rest of the material was high boiling); 
(4) if the temperature of the Diels-Alder reaction was allowed to 
exceed 230" ,  then a substantial amount of the 1-substitut,ed nor- 

Found: C, 37.04; H, 4.15; C1, 46.51; Si, 12.15. 

C. 
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tricyclene product was produced. This material was isolated, 
after methylation, by g.1.c. using an Apiezon L column and 
identified by infrared and n.m.r. spectra. 

Methylation of Triethoxysily1norbomenes.-A sample of 3.70 
g. (0.014 mole) of the triethoxysilylnorbornene was added to 50 

ml. of 4.6y0 methyllithium in diethyl ether. The solution was 
stirred for 2 days a t  room temperature. The work-up was carried 
out in a fashion identical with that  used in the methylations with 
methylmagnesium bromide. Vacuum distillation yielded 1.5 g. 
(63%) of the product. 

The Stereoselective Reaction of Bicyclic Enamines with Sulfene 

LEO A. PAQUETTE' 
Department of Chemistry, The Upjohn Company,  Kalamazoo, Michigan 

Received March 1'7, 1964 

The cycloaddition of sulfene to bicyclic enamines derived from 5-norbornene-2-carboxaldehyde and various 
secondary amines afforded in stereoselective fashion a single substituted thietane dioxide in all but one case. 
Evidence is presented which demonstrates the configurational features of the adducts. Brief mention is also 
made of the quaternization of the 3'-substituted spiro [5-norbornene-2,2'-thietane] 1 ', 1 '-dioxides. 

This paper reports a study of the reactions of various 
enamines derived from 5-norbornene-2-carboxaldehyde 
(I) with methanesulfonyl chloride and triethylamine. 
Previous work has indicated that such a sulfonyl 
chloride-tertiary amine combination readily adds to 
appropriately activated olefins to afford substituted 
thietane dioxides.2 More recently, such cycloaddition 
processes have been shown to proceed via sulfene inter- 
mediates. The present research was undertaken 
because it appeared to offer the attractive opportunity 
to examine the stereoselectivity of sulfene addition to 
a bicyclic moiety. 

5-Norbornene-2-carboxaldehyde (I) * readily con- 
denses with a variety of secondary amines in refluxing 
toluene solution without added catalyst to produce in 
good yield the related enamines I1 (see Table I). The 
a,@-unsaturated amines were colorless liquids which 
could be stored without change for prolonged periods 
in a nitrogen atmosphere a t  O o  or below. Close scrutiny 
of the enamine structure I1 will reveal that two iso- 

J- 

meric structures are possible in this system, the transoid 
form I Ia  and the cisoid counterpart IIb. Comparison 
of the n.m.r. spectra (in CDC1,) of freshly distilled 

(1) Department of Chemistry, The  Ohio State University, Columbus 10, 
Ohio. 

(2) G. Stork and  I. J. Borowitz, J .  A m .  Chem. SOC., 84, 313 (1962); 
G. Opitz and H. Adolph, Angew. Chem., 74, 77 (1962); W.  E. Truce, J. J .  
Breiter, D.  J. Abraham, and J .  R. Norell, J. A m .  Chem. Soc.. 84, 303 (1962); 
W. E. Truce and J. R. Norell, ibid., 86, 3231 (1963); W. E. Truce, J. R.  
Norell, J .  E. Richman, and J .  P. Walsh. Tetetrahedron Letfers, 1677 (1963); 
L. A.  Paquette,  J .  Org. Chem., 49, 2854 (1964). 

(3) I. J. Borowitz, J .  A m .  Chem. SOC., 86, 1146 (1964); see also J. F. 
King and T. Durst ,  ibid., 86, 287 (1964); W. E. Truce, R. W. Campbell, 
and J. R. Norell, i b i d . ,  86, 288 (1964). 

(4) Gas chromatographic analysis of this particular commercial sample 
demonstrated the presence of two major components of which 75% was the 
endo isomer and 25% the e m  isomer. It is anticipated tha t  either material 
would give rise to  the same mixture of enamines, b u t  we have not elucidated 
this point.  

TABLE I 
ENAMINES DERIVED FROM 5-xORBORNENE-2-CARBOXALDEHYDE 

& CHNRz 

Compd. RzN- 

I I b  - N a  

IId -0 

IIf -2 

Yield, B.p., OC. 
% b m . )  n D  ("c.) 

85 .0  126-129 (11) 1,5318 (26.5)  

52,O 138-144 (16) 1.5355 (25) 

76 .5  140-145 (16) 1.5322 (24) 

71 .5  116-121 (15) 1.5378 (24) 

59 .1  94-98(1) 1.5282(25) 

64 .5  68-70 ( 0 . 4 )  1,5068 (26) 

81 .2  132-135 (14) 1,5346 (23) 

samples of several of the enamines listed in Table I 
with those reported by Slomp, R/lacKellar, and Um- 
breit5 for the related endo- and exo-5-norbornene-2- 
carboxaldehydes (I) revealed that the transoid form 
predominated to the extent of 80 to 90% depending on 
the amine substituent. The ratio of the isomers could 
be readily determined by integration of the olefinic 
proton resonance peaks. The triplet pattern (charac- 
teristic of the exo aldehyde) was assigned to the cisoid 
form while the two sets of doublets of doublets (charac- 
teristic of the endo aldehyde) were assigned to the 
transoid isomer. 

( 5 )  G. Slomp, F. MacKellar, and G. R. Umbreit, to  be published. 


