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Figure 1. DSC thermograms of (A) 2Sz; (B) the 1:1 complex of 2Sz and 
4BA (an arrow indicates the nematic to smectic transition); and (C) 4BA 
on heating. 
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Figure 2. The proposed structure of the new mesogen formed by inter­
molecular H bonding between 4BA and 2Sz. 

ring. The sharp melting transition peak of DSC also suggests the 
existence of a 1:1 complex between 4BA and 2Sz.8 

Coleman et al.9 have reported that hydrogen bonding between 
the pyridine rings and carboxylic moieties was preferred over that 
between two carboxylic acid units in blends of poly(ethylene-co-
methacrylic acid) and poly(2-vinylpyridine). We have also ob­
served a similar behavior in blends of poly(4-vinylbenzoic acid) 
and poly(4-vinylpyridine); our observation10 that a 1:1 blend of 
these two polymers has a glass transition temperature Tg = 233 
0C, which is 30 0C higher than the calculated weight average Tg, 
also supports the existence of a strong hydrogen bond between 
pyridine and carboxylic acid moieties. Further support for the 
preferred formation of N - H O hydrogen bonds between carboxylic 
acids and amines can be found in X-ray studies of compounds 
such as nicotinic acid.11 

It is worthwhile noting that, in our system, a single H bond 
is sufficient to preserve the linearity of the new extended mesogen, 
in contrast to the two H bonds that were required in the case of 
the dimeric monosaccharides2,3 and aromatic acid4 dimers. 

(8) A referee has kindly pointed out that the H bonding of the system may 
be dynamic. At the present time, our data does not allow us to either endorse 
or reject this suggestion; X-ray experiments in progress only show that the 
1:1 complex is favored in the crystalline state. 

(9) Lee, J. Y.; Painter, P. C; Coleman, M. M. Macromolecules 1988, 21, 
954-960. 

(10) Vivas de Meftahi, M.; Frechet, J. M. J. Manuscript in preparation. 
Vivas de Meftahi, M. Ph.D. Thesis, University of Ottawa, 1988. 

(11) Wright, W. B.; King, G. S. D. Acta Crystallogr. 1953, 6, 305-317. 
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The 1,4-addition of carbenes to 1,3-dienes has a long and 
controversial history.1 Only in recent years, and in rather specific 
constellations, a number of apparently genuine examples of this 
reaction have been reported.2 In these cases, arguments for a 
concerted pathway have been presented but alternative, stepwise 
sequences cannot yet be excluded with the desired degree of 
certainty. We now wish to report stereochemical evidence sup­
porting a concerted, one-step course of the reaction. 

Theory predicts that if this reaction is concerted and controlled 
by orbital symmetry, it must occur in a disrotatory fashion if it 
is a linear process and conrotatory for a nonlinear process.3 A 
suitable 1,3-diene for the investigation of this aspect is (Z,Z)-
[l',2'-Z)2]-l,2-dimethylenecycloheptane (2) which we have syn­
thesized from the zirconacycle I4 by stereospecific cleavage of 
the zirconium-carbon bonds with deuterosulfuric acid (17 equiv, 
room temperature, immediate workup), followed by stereospecific 
removal of the trimethylsilyl groups by treatment with tri-
fluoroacetic acid (2 equiv) in methylene chloride for 10 min 
(Scheme I). The isotopic and configurational integrity of 2 was 
proven by 1H NMR and mass spectroscopy.5 

The reaction of 2 with dibromocarbene (from bromoform and 
potassium ferf-butoxide in pentane at room temperature) yielded 
the expected2e 9:1 mixture of the 1,2-adduct 3 and the 1,4-adduct 
4 in 80% total yield; note that it has previously been shown that 
there is no secondary rearrangement of 3 to 4.2e 1H NMR 
spectroscopy of 4 does not allow a distinction between the two 
stereoisomers 4a and 4b as both have only one kind of the allylic 
protons H(8,10); they appear as a broad singlet at 5 = 3.50 ppm. 
Therefore, the mixture of 3 and 4 was reduced with 1 equiv of 
triphenyltin hydride to give a mixture of stereoisomers of 5 and 
6 (Scheme I) which was separated by preparative gas chroma­
tography and investigated by 400 MHz 1H NMR spectroscopy; 
the region of the diagnostic bishomoallylic proton H(9) of 6 is 
presented in Figure la. In principle, 6 might consist of three 
stereoisomers: 6a (derived from the conrotatory adduct 4a) and 

(1) For a review, see: Moss, R. A.; Jones, M., Jr. Reactive Intermediates; 
Moss, R. A., Jones, M., Jr., Eds.; Wiley: New York, 1981; Vol. 2, Chapter 
3. 

(2) (a) Burger, U.; Gandillon, G. Tetrahedron Lett. 1979, 4281. (b) 
Turkenburg, L. A. M.; De Wolf, W. H.; Bickelhaupt, F. Tetrahedron Lett. 
1982, 23, 769. (c) Hart, H.; Raggon, J. W. Tetrahedron Lett. 1983, 24, 4891. 
(d) Mayr, H.; Heigl, U. W. Angew. Chem. 1985, 97, 567. Angew. Chem., 
Int. Ed. Engl. 1985, 24, 579. (e) Jenneskens, L. W.; De Wolf, W. H.; 
Bickelhaupt, F. Angew. Chem. 1985, 97, 568; Angew. Chem., Int. Ed. Engl. 
1985, 24, 585. 

(3) Woodward, R. B.; Hoffmann, R. Angew. Chem. 1969, 81, 797; Angew. 
Chem., Int. Ed. Engl. 1969, S, 781. 

(4) (a) Nugent, W. A.; Calabrese, J. C. J. Am. Chem. Soc. 1984, 106, 
6422. (b) Nugent, W. A.; Thorn, D. L.; Harlow, R. L. Ibid. 1987,109, 2788. 

(5) 2: 1H NMR (90 MHz, CDCl3) S = 4.74 (br s, 2 H), 2.35 (m, 4 H), 
1.60 (m, 6 H); MS m/z (rel intensity) 124 (43), M-+. Both spectra indicated 
a D2-incorporation of approximately 95%. 1,2-Dimethylenecycloheptane:6 1H 
NMR (90 MHz, CDCl3) S = 5.14 ( m, 2 H), 4.73 (m, 2 H), 2.33 (m, 4 H), 
1.60 (m, 6 H). 6b + 6c (1:1): 1H NMR (400.1 MHz, CDCl3, 296 K) 6b S 
= 4.47 (t of quintet, VHH = 4.0 Hz, VHD = 1.0 Hz, 2 H, H(9)), 2.75 (m, 2 
H, H(8)/H(10)), 2.08 (m, 4 H), 1.62 (m, 6 H); 6c 5 = 4.48 (br t, VHH = 
7.2 Hz, 2 H, H(9)), 2.97 (m, 2 H, H(8)/H10)), 2.08 (m, 4 H), 1.62 (m, 6 
H). MS m/z (rel intensity) 216 (6, with isotope pattern), M"+. D-incorpo-
ration (estimated by comparison of the HRMS spectrum of 6b/6c with that 
of the unlabeled parent 6H) 90.6% D2, 5.9% HD, 3.5% H2. 9-Bromo-
bicyclo[5.3.0]dec-l(7)-ene (6H): 1H NMR (250.1 MHz, CDCl3) 6 = 3.69 
(A2B2X system, «A = 2.77, SB = 3.00, Sx = 4.49, J(AB) = 15.0 Hz, /(AX) 
= 4.0 Hz, J(BX) = 7.0 Hz, 5 H), 2.11 (m, 4 H), 1.60 (m, 6 H); MS m/z (rel 
intensity) 214 (9, with isotope pattern), M-+, 135 (58), 107 (37), 91 (100); 
HRMS calcd for C10H15

75Br 214.0310, found 214.0357. 
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Figure 1. 400 MHz 1H NMR spectrum of 6 in the region of H(9): (a) experimental spectrum, (b) simulated spectrum of a 1:1 mixture of 6b,c 
simulated spectrum of a statistical (2:1:1) mixture of 6a,b,c. 
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quirement for concertedness of the 1,4-addition of a carbene has 
been established. At the same time, we have shown that the 
process, if concerted, is (predominantly) of the linear type.3 
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a 1:1 mixture of 6b5 and 6c (derived from the disrotatory adduct 
4b); the respective signals of H(9) were simulated with the PANIC 
program7 with V(H1H) = 15.0 Hz, Z V(H1H) = 7.0 Hz, and 
E V(H,H) = 4.0 Hz (taken from the spectrum of the unlabeled 
6H5) and the relation /(H1H) « 6.51 /(H,D).8 As shown in 
Figure lb, the simulated spectrum of a 1:1 mixture of 6b and 6c 
reproduces the experimental one9 quite well; for comparison, the 
calculated spectrum of a random, statistical mixture (6a:6b:6c 
= 2:1:1) is presented in Figure Ic. Because of the relatively low 
D2-incorporation (90.6%), the difference spectrum from Figure 
1 (parts b and a) was irregular and did not permit a conclusion 
on the possible presence of minor quantities of 6a. However, the 
addition of increasing percentages of the simulated spectrum of 
6a to that in Figure lb showed that approximately 15% 6a would 
have been detectable. This implies a disrotatory stereospecificity 
of the 1,4-addition for 70% or more. Thus, a necessary re-

(6) Van Straten, J. W.; Van Norden, J. J.; Van Schaik, T. A. M.; Franke, 
G. Th.; De Wolf, W. H.; Bickelhaupt, F. Reel. Trav. Chim. Pays-Bas 1978, 
97, 105. 

(7) PANIC, Bruker Spectrospin GmbH, Karlsruhe, West Germany. 
(8) Gunther, H. NMR Spektroskopie, Thieme: Stuttgart, 1983. 
(9) The multiplets of H(9) of 6b and 6c are both shifted slightly to higher 

field compared to 6H.10 The chemical shift of H(9) and its V(H,D) of 6c 
are slightly larger than those of 6b. Both differences find a stereochemical 
analogy in D-labeled cyclohexane derivatives." 

(10) (a) Batiz-Hernandez, H.; Bernheim, R. A. Prog. NMR Spectrosc. 
1967, 3, 63. (b) Hansen, P. O. Ann. Rep. NMR Spectrosc. 1983, 15, 105. 

(11) Haddon, V. R.; Jackman, L. M. Org. Magn. Reson. 1973, 5, 333. 

The transition-metal-mediated synthesis of difunctionalized 
cyclohexadienes by nucleophilic addition to coordinated arenes 
has been investigated with a number of systems:1"4 (arene)2Fe2+, 
CpCo(arene)2+, and (arene)Mn(CO)2L+ (L = CO, PR3). The 
manganese reactions generally involve single nucleophilic addition 
to give (cyclohexadienyl)Mn(CO)2L complexes which are reac­
tivated toward a second nucleophilic attack by conversion to 
(cyclohexadienyl)Mn(CO)(NO)L+ cations.4 It has been shown5 

(1) (Arene)2Fe2+ complexes: Madonik, A. M.; Mandon, D.; Michaud, P.; 
Lapinte, C; Astruc, D. J. Am. Chem. Soc. 1984, /OfJ, 3381. Astruc, D.; 
Michaud, P.; Madonik, A. M.; Saillard, J.-Y.; Hoffman, R. Nouv. J. Chim. 
1985, 9, 41. Mandon, D.; Toupet, L.; Astruc, D. J. Am. Chem. Soc. 1986, 
108, 1320. Astruc, D. In The Chemistry of the Metal-Carbon Bond; Patai, 
S., Hartley, F. R., Eds.; Wiley: London, 1987; Vol. IV, Chapter 7, p 625. 

(2) CpCo(arene)2+ complexes: Lai, Y.-L.; Tarn, W.; Vollhardt, K. P. C. 
J. Organomet. Chem. 1981, 216, 97. 

(3) (Arene)Mn(CO)2L
+ complexes: Lamanna, W.; Brookhart, M. /. Am. 

Chem. Soc. 1981, 103, 989. Brookhart, M.; Lamanna, W.; Humphrey, M. 
B. J. Am. Chem. Soc. 1982,104, 2117. Brookhart, M.; Lamanna, W.; Pinhas, 
A. R. Organometallics 1983, 2, 638. Brookhart, M.; Lukacs, A. Organo-
metallics 1983, 2, 649. Brookhart, M.; Lukacs, A. J. Am. Chem. Chem. 1984, 
106, 4161. 

(4) (Cyclohexadienyl)Mn(CO)(NO)L+ complexes: Chung, Y. K.; Choi, 
H. S.; Sweigart, D. A.; Connelly, N. G. J. Am. Chem. Soc. 1982, 104, 4245. 
Chung, Y. K.; Honig, E. D.; Robinson, W. T.; Sweigart, D. A.; Connelly, N. 
G.; Ittel, S. D. Organometallics 1983, 2, 1479. Chung, Y. K.; Sweigart, D. 
A.; Connelly, N. G.; Sheridan, J. B. J. Am. Chem. Soc. 1985, 107, 2388. 
Chung, Y. K.; Sweigart, D. A. J. Organomet. Chem. 1986, 308, 223. Ittel, 
S. D.; Whitney, J. F.; Chung, Y. K.; Williard, P. G.; Sweigart, D. A. Or­
ganometallics 1988, 7, 1323. 
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