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Calculations indicate that 7-norbornenylidene, I, is a "singlet, stabilized, nonclassical 
methylene," with its carbenic bridge bent -20" away from the vertical, toward the 71 bond.' Be- 

cause of the bendmg, it was suggested that "sterlcally bulky substituents on the addend should 

prefer the side anti to the double bond" durILng olefinic addition of 1-l Having characterized 

the intramolecular chemistry of I,' and reported the lnltial examples of its mntermolecular add- 
ition reactions, 3 we have now examrned the stereoselectivity of its reaction with t_butylethyl- 

4 ene as a test of the stereochemical pretictlon.5 

The adducts of I and t-butylethylene were presynthesized by Duels-Alder adtition of ethyl- 

ene to l-t-butylspiro[2.~]heptad-Lene6 (neat, degassed, excess ethylene solvent, steel bomb, 190", 

20 krs.), eq. (1). The crude product, obtasned in 705 y*eld, was almost entirely 11-z and II- 

L 11-z II-anti 
-4 

II-H;, 

anti, m a ratio of 7.86-l 
(SE-30 cclumn), the adduct 

(M‘) 111 its mass spectrum, 

(gc, 150 ft. fluorosilicone Golay col~mn).~ After gc purification 

mixture afforded a satisfactory elemental analysis, showed m/e 176 - 
and could be reduced to II-H, which was characterized by nmr and mass 
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spectroscopy Consistent u and nmr8 spectra of the adduct muEture were obtamed; t=butyl 
resonances appeared at 6 0 79 (11-e) and 0.76 (11-z) One might have expected the &-butyl 
protons of II-z to lie in the shleldlng zone of the n-bond,9 and their resonance to appear up- 
field from that of II-c,1" but the small differential chemical shift necessitates further 
substantlatlon of the stereochemlcal assignments 

By Itself, the stereoselectlvlty of the Duels-Alder reactlon 1s strongly supportive o‘ 
these assignments The syn adduct would be expected to predominate whether the observed product - 
ratlo reflected klnetlc control Iia or equlllbrlum control."b Moreover, the gc retention time of 
II-syn on a saturated AgNOs-ethylene glycol column wa% as expected, much shorter than that ol II- 
aGF provl&ng further support for the stereochemlcal assignments l3 

With preliminary work secure, the dry L1 salt of 7-norbornenone tosylhydrazone, III,' was 
pyrolyzed U-I dry, degassed, excess t-butylethylene at 200-220" for 20 mm. The complex product 
murture was largely derived from intramolecular chemistry of I,2 but capture products II'-= and 
II-s&l (-0.1 g) were observed by gc on the 150 ft fluoroslllcone Golay c01umn,'~ eq (2) Re- 
ductlon of this product murture converted both adducts to II-H,, ldentlcal u1 capillary gcre;en- 
tlon time to the authentic sample Duplicate pyrolyses of III U-I &-butylethylene contalned 111 

N-NSO,C,H, 
!/ Ll . . 

I II-sJl_l II-ant1 

(maJor) (moor) 

glass ampules (sealed 111 a steel bomb, half-fllled with pentane, 220", 20 or 80 mm ) gave (II- 
&114&)= 7 02 t_ 0.06 Duplicate pyrolyses conducted dmectly m the steel bomb (200", 20 
mm.) gave this ratlo as 2 57 2 0 l2, unchanged after resubmisszon of the murture to the pyrol- 

ysls condltlons U-I the presence of lzthium p-toluenesulfmate The altered product ratios ob- 

served u1 the latter pyrolyses are suggestive of metal-catalyzed (carbenold) decomposltxons In- 

deed, pyrolysx of 0 5 g of 111 111 2 5 g of t-butylethylene contalnlng 20 mg of anhydrous CuS3, 

(glass ampule) afforded (II-SJ#I-anti) = 3 19. 
Experimentally, then, s addition of I to t-butglethylene 1s the dominant mode of cyclo- 

propanatlon, 111 contrast to the ant1 selectlvlty antlclpated because of the calculated bridge- 
bend- 111 I 1 The eqerlmental results neither negate the posslblllty of such bendmg, nor rl- 

tlate the strength of the calculations But ti the predxcted carbene-x urteractxon 111 I (for 

whxh we have adduced czcumstantlal evidence 2y3) does lead to bridge-bendmg, then such bending 

does not itself domlnste the stereoselectlvxty of addrtlon, cf., eq (2) Assumption of a Hoff- 

mann-l&e transltlon stateI' for the addltlon of I to t-butylethylene, together with a study of 

molecular models, predxt the observed dominance of II-=, m that less sterx hindrance would 

be experienced by an alkene during syn approach over the m-plane vinyl protons of I &han durmg - 
antI approach over Its exe-ethano protons lo - Indeed, lf 7-norbornenone 1s consldered a model 

for singlet I (both have "electrophllx" p orbltals at CT), then the stereoselectlvlty of Qlefln 
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addltlon to I 1s analogous to that of the attack of various nucleophiles at C7 of the ketone I7 

It 1s worth noting that carbene I clearly differs from the analogous 7-norbornenylcatlon, 

for whxh ant1 addltlon of nucleophlles 1s rigorously controlled by homoallylic n-participa- 
tlon la Presumably, the x-&eractlon *s, as expected,' weaker m the carbene ls 

Acknowledgements We thank the NatIonal Scxnce Foundation, the Publx Health Service 

(Grant CA-l&91;? from the NatIonal Cancer Institute), and the A P Sloan Foundation (to R A M ) 

for support of this research We are grateful to Professor J San Flllppo for a very construc- 

tlve experlmental suggestion 

(1) 
(2) 
(3) 

(4) 

(5) 
(6) 
(7) 

(8) 

(9) 

References and Notes 

R Glelter and R. Hoffmann, J Amer Chem Sot ,a, 5457 (1968). - 
R+ A, Moss, U-H. Dollzng, and J R Whittle, Tetrahedron l&t , 931 (1971) 
R. A. Moss and U-H Dollmg, z , 5117 (1972) Addxtlons of I to alkenes OCCUT stereospe- 
cxfically (albext 111 extremely low yxeld) consistent with formulation of the lntermedlate as 
a slnglet carbene AlternatIve mechanisms ulvolvlng pyrazolme formatlon and decomposltxx 
would not predxt stereospeclfx cyclopropanatlon, cf D H White, P B Condlt and R G. 
Bergman, J. Amer Chem Sot 
(19967). 

, 94, 7931 (1972); R J-Crawford and L H. All, s , & 3908 - 

This olefln exhxblts substantial sterx hxxdrance to dlhalocarbene additions: R A Moss 
and A. Mamantov, Tetrahedron I&t , 31r25 (19968); R A. Moss, M. A Joyce, and J K. Husel- 
ton, Ibid , 4621 (1975) 
It should be noted that the predlctlon was consldered "weak" 

I 

R A. Moss, Chem Commun , 622 (1965); J Org Chem , 3l, 3296 (1966) 

Resubmlsslon of the product mtiure to the Duels-Aldercondltlons for 15 hrs did not alter 
the product ratlo 

The 100 MHz nmr spectrum of the mtiure (CC&, CHCls xnternal standard) showed (U) 6 014, m, 
2H, vmnyl; 2 56 and 190, envelopes, 2H brldgehead; 166, m, 2H, ethano, 1.18-C 58, m, l2H, 
ethano, 1 cyclopropyl, and &-butyl protons (latter at 0 79 and 0 76), 0 U and 0.09, sharp 
lines of m, 2H, cgcl_opropyl proton, The spectrum of pure '1-G (see below) was very slm- 
alar, but lacked the t-butyl resonance at 0 76 
F. A. Bovey, "Nuclear Magnetx Resonance Spectroscopy," Academx Press, New York, N Y., 
1969, pp 72-75 
The t-butyi protons 
Its ant1 Isomer (X-I 
(197r Models md-! 
shxeldlng. 

of :neat) syn-7-t-b~t,ginorbornene appear 0.13 ppm upfleld from those of 
CiXls): W C Bglrd, Jr., and J, H. Surrldge, d Grg. Chem., 2, 304 
xate that the t-butyi group of II-syn 17 less favorably sltuatx for - 

(11)(a) General precedent A S, Gnxhchenko, "Dlene Synthesis," 
Translations, Jerusalem, Israel, 1967, pp 51&O 

Israel Program for Sclentlfx 
Snecsfx precedent E. J. Corev. C. S . __ 

Shiner, R. P. Volante, ;nd C 9- Cyr, Tetrahedron Lett 
WI 

W. B. Dlgelow, lbld 
, 1161 (1975); (b) D D. Davis and 

1685 (19611). - ' 
~9 (1973); R. F. Seuers and R. M. Hawthorne, Jr., J. Org. Chem., 29, 

- 

(12) 

(U) 

(U) 

(15) 
(16) 

Retention times (mm.) on a 0 25 m , L ft , iiO% AgNC,-EG roiulrm were: 
11.3; II-e, 15.9; ncrbornenc, 17.9. 

II-Ha, 0 5; II-E, 
A sample of pure TI-= was obtalned from this col- 

For other applications of this method to 7-substituted norbornenes see: Sauers and Haw- 
thorne, ref. lib, and H. C. Brown, J. H. Kawakaml, and K-T. Llu, J. Amer. Chem. Sot , 95, 
2209 (lY73) - 

The retention times were 23.2 and 27.11 mm., respectively, at 92", with 30 psq, of Na car- 
rler gas, ldentlcal to those of the authantx compounds prepared via the Duels-Alder route. 
R. Hoffmann, J. Amer Chem. Sot , 90, &75 (1968). - 
A similar conclusion 1s reached ti I 1s considered to be a nucleophlllc carbene which l111- 
tlates addltlon via Its filled sp': orbltal. 



1654 No. 20 

(17) Most nucleophlles attack 7-norbornenone predom-tly froa the E &e&Ion: F. R. S. 

& 3165 (1963). 
NaB%, and CH,=sO(CH,),. Fxceptlons include vvl- and phenylllthlum. 

(18) I,. Friedman III "Garbonlum Ions," Vol. II, G. A. Olah and P. v. R. Schleyer, Ed., Wiley- 
Interscience, New York, N.Y., 1970, pp. 682 2.; P. 13. Bartlett, "Nonclassical Ions," W. A. 
Benjau, Inc., New York, N.Y., 1965, pp. 151, 171ff.; and J. A. Berson In "Molecular Re- 
arrangements," Vol. I, P. De Mayo, Ed., InterscIence, New York, N.Y., 1963 pp_ 192 f. 

(19) A referee has suggested that our conclusion concern- bridge-bendmg 1s too mild, and thai 
the results negate such bendmg. We find this view too exclusive. Cur results defmtely 
establish as incorrect the predlctlon of anti-stereoselect~vly which Hoffmann and Glsoterl 
extrapolated from the 20" bridge-bendmg indicated by theta calculations. However, there 
1s no standard by which to measure what degree of bridge-bendulg would be consistent with 
our observed 7.02 E/ant1 product ratlo. Perhaps this ratlo 1~ consistent with a 20" 
bentig. Perhaps, If therewere no bridge-bentig 111 I, the observed G/ant1 ratlo would 
have been 20.1 or even 5O:l. In the absence of any way to quantltatlveEorrelate 
bridge-bendmg with product ratlo, we feel our results are best interpreted as tell- 
against both the publIshed stereochemleal pretictlonl and the domlnatlon of stereoselec- 
tlvlty by bridge-bendmg, but not as definitively excludong either bridge-bendmg or chem- 
lcally slgn*flcant carbene-7i bond mteractlon.3 


