
COMMUNICATIONS 
~~ 

Heck, S. Aoki, R. Wang, T. Kimura, H. Ritzkn, S .  Takayama, S.-H. Wu, G. 
Weitz-Schmidt, C.-H. Wong, J. Am. Chem. SOC. 1996,118,6826-6840; g) 
J. C. Prodger, M. J. Bamford, M. 1. Bird, P. M. Gore, D. S. Holmes, R. Priest, 
V. Saez, Bioorg. Med. Chem. 1996, 4, 793-801; h) S. Hanessian, H. 
Prabhanjan, Synlett 1994, 868-870; i) B. Dupr6, H. Bui, I. L. Scott, R. V. 
Market, K. M. Keller, P. J. Beck, T. P. Kogan, Bioorg. Med. Chem. Lett. 1996, 
6, 569-572; k) J. Y. Ramphal, M. Hiroshige, B. Lou, J. J. Gaudino, M. 
Hayashi, S. M. Chen, L. C. Chiang, F. C. A. Gaeta, S. A. DeFrees, J. Med. 
Chem. 1996, 39,1357 - 1360. 

[3] a) G. M. Clore, A. M. Gronenborn, J. Magn. Reson. 1982,48,402-417; b) 
A. P. Campbell. B. D. Sykes, Annu. Rev. Biophys. Biomol. Struct. 1993,22, 
99-122; c) F Ni. Prog. Nucl. Magn. Reson. Spectrosc. 1994.26, 517-606. 

[4] a) R. M. Cooke. R. S. Hale, S. G. Lister, G. Shah, M. P. Weir, Biochemistry 
1994, 33, 10591 -10596; b) P. Hensley, P. J. McDevitt, I. Brooks, J. J. Trill, 
J. A. Feild, D. E. McNulty, J. R. Connor, D. E. Griswold, N. V. Kumar, K. D. 
Kopple, S. A. Carr. B. J. Dalton, K. Johanson, J. Biol. Chem. 1994, 269, 
23949-23958; c) K. Scbeffler, B. Emst, A. Katopodis, J. L. Magnani, W. T. 
Wang, R. Weisemann, T. Peters, Angew. Chem. 1995, 107, 2034-2037; 
Angew. Chem. Int. Ed. Engl. 1995,34,1841- 1844. 

151 a) H. C. Kolb, B. Ernst, Chem. Eur. J. 1997, 3, 1571-1578; b) Pure Appl. 
Chem , in press. 

[6] T. Scherf, J. Anglister, Biophys. J. 1993, 64,754-761. 
[7] A. M. Gronenborn. G. M. Clore, Prog. Nucl. Magn. Reson. Spectrosc. 1985, 

1Zl-32. 
[8) a) C:T. Yuen, A. M. Lawson, W. Chai, M. Larkin, M. S. Stoll, A. C. Stuart, 

F. X. Sullivan, T. J. Ahern, T. Feizi, Biochemistry 1992,31,9126-9131; b) G. 
Thorna. F. Schwarzenbach, R. 0. Duthaler, J. Org. Chem. 1996,61,514-524. 

[9] a) G. Lipari, A. Szabo, J. Am. Chem. Soc. 1982, 104, 4546-4559; b) R. 
Briischweiler, D. Case, Prog. Nucl. Magn. Reson. Spectrosc. 1994,26,27 -5% 

[lo] B. J. Graves. R. L. Crowther, C. Chandran, J. M. Rumberger, S. Li, K.-S. 
Huang, D. H. Presky, P. C. Familletti, B. A. Wolitzky, D. K. Bums, Nature 
1994,367,532 - 538. 

[ l l ]  a) J. Y. Rarnphal, Z.-L. Zheng, C. Perez, L. E. Walker, S. A. DeFrees, 
F.C.A. Gaeta, J. Med. Chem. 1994, 37, 3459-3463; b) W. Stahl, U. 
Sprengard, G. Kretschmar, H. Kunz, Angew. Chem. 1994,106,2186 -2188; 
Angew. Chem. Int. Ed. Engl. 1994,33,2096-2098; c) A. Hasegawa, M. Kato, 
T. Ando, H. Ishida, M. Kiso, Carbohydr. Res. 1995,274,165-181. 

[12] a) D. V. Erbc, B. A. Wolitzy, L. G. Presta, C. R. Norton, R. J. Ramos, D. K. 
Burns, J. M. Rumberger, B. N. N. Rao, C. Foxall, B. K. Brandley, L. A. 
Lasky, J.  Cell Biol. 1992, 119, 215-227; b) B. M. Revelle, D. Scott, T. I? 
Kogan. J. Zheng. P. J. Beck, J. Bid.  Chem. 1996,271,4289-4297; c) B. M. 
Revelle, D. Scott, P. J. Beck, ibid. 1996, 271, 16160-16170. 

Steric Stabilization of Nucleophilic Carbenes** 
Michael K. Denk,* Avinash Thadani, Ken Hatano, and 
Alan J. Lough 

After early studies by Wanzlick)'] the chemistry of stable 
carbenes underwent a revival in 1991 with the structural 
characterization of 1 (R = 1-adamantyl) .Iz] Stable carbenes 
such as 1 are now easily accessible and show a rich reaction 
chemistry.["] Computational studies have confirmed that 
carbenes of type 1 possess aromatic ~tabilization.[~] The 
numerous aromatic carbenes 1 currently have only two 
nonaromatic counterparts, compounds 2f61 and 3 (R = mesi- 
tyl) .i71 The isolation of the stable bis(diisopropy1amino)car- 
bene (2) by Alder et demonstrates for the first time that 
neither aromatic stabilization nor the constraints resulting 
from ring geometry are necessary to obtain stable diamino- 
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carbenes. The dimerization of carbenes to olefins[%''1 can 
prevent their isolation but is thermodynamically unfavorable 
for carbenes 1, as was shown by Taton and Chen.["l 

Following studies on stable silylenes)12] germylene~,['~1 and 
phosphenium ~ations['~1 isostructural to 1 and 3, we demon- 
strate herein that the successful isolation of carbenes 3 has 
kinetic reasons (in contrast with 1) and is critically dependent 
on the bulk of the substituent R. The new carbenes 3a-3d[6b1 
were obtained by reductive desulfurization from the corre- 
sponding thiourea~l'~1 with potassium in boiling THF, a 
method used in the aromatic series (carbenes 1) by Kuhn et 
a1.[161 The analogous ureas are inert even after prolonged 
treatment with molten potassium. Carbene 3d, the sterically 
most shielded carbene in this series, is a low-melting, colorless 
solid that distills without decomposition and is stable indef- 
initely under exclusion of air and moisture. For R = Me (3a), 
Et (3b), and iPr (3c), the carbenes persist in solution but 
slowly dimerize to give the olefins 4a-4c. Attempted 
distillation of the carbenes 3a-3c (60 "C/0.1 Torr) yields the 
olefins as easily sublimable, air- and moisture-sensitive color- 
less solids. Compound 4a was previously obtained by other 
method~['~~'~l but has not been structurally characterized. The 
slow dimerization of 3a-3c in solution suggests a substantial 
activation barrier. The dimerizations obey ('H NMR) a 
second-order rate law and, accordingly, are concentration 
dependent.['9] The pure carbenes 3a- 3c dimerize within 
minutes, but frozen solutions of 3a-3c in benzene can be 
stored indefinitely at - 20OC. Olefins of type 4 can fragment 
to give transition metal carbene c0mplexes.['~1 The dissocia- 
tion of 4 to free carbenes 3 is of interest as a possible pathway 
for these reactions; however, high-temperature 'H NMR 
spectra did not show any signs of this dissociation.["] 

The additional electronic stabilization in diaminocarbenes 1 
is evident, for example, in that while 3c dimerizes, the 
aromatic 4,5-dimethyl-substituted analogue of lc is stable.[21] 
Indeed, not a single carbene of type 1 has been observed to 
dimerize and olefins of type 5 require additional covalent 
bridging of the substituents R to be stable, as was shown by 
Taton and Chen.ll'l The lack of aromatic stabilization in 
carbenes 3 is also shown by the deshiedling of the carbene- 
carbon atom (A8(l3C) = 30 relative to those in l).[2-5,211 

A single-crystal X-ray structure analysis of 3d[221 shows the 
two nitrogen atoms to be in nearly planar environments (sum 
of bond angles: N(l) 356", N(2) 357O; see Figure 1). The 
valence angle at the carbene-carbon atom is significantly 
larger (106.44(9)") than the N-Si-N and N-Ge-N angles of the 
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Figure 1. Molecular structure of 3d in the solid state (ORTEP view, thermal 
ellipsoids are at the 50% probability level). Selected bond lengths [pm] and 
angles ["I: C(l)-N(l) 134.8(1), C(l)-N(2) 134.7(1), N(l)-C(2) 147.6(1), N(1)- 
C(4) 148.0(1), C(2)-C(3) 151.2(2), N(l)-C(l)-N(2) 106.44(9); C(l)-N(l)-C(2) 
112.51(8), N(l)-C(2)-C(3) 101.34(9), C(4)-N(l)-C(2) 120.53(8), C(4)-N(l)-C(l) 
123.10(8). 

isostructural silylenes (95.4(1)112] and germylenes 88.0(1) .[I3] 
The short C"-N bond length (135 pm) indicates a partial 
double bond. 

A comparison of the carbene 3d with the olefin 4a 
highlights characteristic changes in the five-membered 
GNzC framework (Figure 1 and 2): the C-N bond lengths 

Q 

W 

Figure 2. Molecular structure of 4a (ORTEP view, thermal ellipsoids are at the 
50% probability level). Selected bond lengths [pm]. bond angles ["I, and 
torsional angles ("1: C(l)-C(6) 134.94(11), N(l)-C(l) 142.05(11), N(2)-C(1) 
141.77(11), N(3)-C(6) 143.63(11), N(4) -C(6) 144.30(10) N(2)-C(3) 
146.34(12), C(3) -C(2) 150.7(2), N(4) - C(8) 147.20(11), C(8) -C(7) 152.54(14), 
C(7)-N(3) 147.02(12); N(l)-C(l)-N(2) 108.71(7), N(3)-C(6)-N(4) 111.29(7), 
N(3)-C(6)-C(l)-N(2) 5.94(13); N(3)-C(6)-C(l)-N(l) 
C(l)-N(l) 8.01(13), N(4)-C(6)-C(l)-N(2) - 172.47(7). 

- 173.57(7), N(4)-C(6)- 

increase from the carbene (3d: 135pm) to the dimer (4a: 
142- 147 pm), and the nitrogen atoms pyramidalize (sum of 
the nitrogen bond angles in 4a: 331-340O). The N-C-N bond 
angles of 3d and 4a are nearly identical. The twisting of the 
NzC+CN2 framework in 4a (N-C-C-N torsional angles of 6 
and 8" ) is reproduced by calculations (AM1, MP4/6-31G*) 
both for 4a and the unsubstituted derivative (R = H) and has, 
presumably, electronic rather than steric origins. 

The structures of the open-chain carbene 2161 and the cyclic 
carbene 3d show significant differences. The N-C-N bond 
angle in 3d (106.44(9)") is compressed compared to that in 2 
(121.0(5)") and the CII-N bond length is shortened 
(134.8(3) pm in 3d, 136.3(6) pm in 2). The I3C NMR shifts 

reflect the structural differences: the carbene-carbon atom in 
3d (6 = 238) is strongly shielded compared to that in 2 (6 = 
256). We conclude that the ring geometry in carbenes 3 
stabilizes the carbene (shortened C -N bond, shielded 
carbene signals) through an additional compression of the 
N-C-N valence angle. In support of our conclusion, diamino- 
carbenes and silylenes show decreased thermal stability if the 
ring size is increased from five (GN,E:) to six (C3NzE:).[24] 

Experimental Section 

All operations were performed under argon (99.995%) with usual Schlenk 
techniques. The respective thiourea 1151 (10 mmol), potassium (30 mmol), and 
THF (50 mL) were boiled under reflux for 30 min. After filtration and removal of 
the solvent under vacuum (- 20 "C), the carbenes 3a-k were obtained as yellow, 
viscous oils Distillation of 3d (0.1 Torr, 120°C oil bath) yielded the pure 3d as a 
colorless, low-melting solid (m.p. 22-23 "C). Yields: quantitative for 39-k, 85- 
95% for 3d. Attempted distillation of 39-k (0.1 Torr, 60 OC oilbath) led to 
sublimation of the olefins 4a-4c as colorless, crystalline solids in quantitative 
yields. NMR data: C6D,, 20"C,TMS. 

3a: 'H NMR: 6=2.43 (s, 2H; CHI), 2.81 (s, 3H; CH,); I3CNMR: 6=34.78 (t, 
'J(C,H) = 145.7 Hz; CHJ, 47.48 (4. 'J(C,H) = 137.6 Hz; CH,), 239.8 (s; C:). 
36: 'H NMR: 6=1.06 (t, 'J(H,H)=7,3Hz; CH3), 2.93 ( s ;  NCH2), 3.41 (q, 
?I(H,H) =7.3 Hz; CH2CH3); I3C NMR: 6 = 12.05 (9. 'J(C,H) = 126.1 Hz; CH,), 
42.17 (tq, 'J(C,H) = 138.1 Hz, 'J(C,H) =4.4 Hz; CHZCH,), 45.00 (tt, 'J(C,H) = 
144.6 Hz, 'J(C,H) =4.3 Hz; NCH2), 237.7 (s; C:). 

3c: 'H NMR: 6 = 1.18 (d. ,J(H,H) = 6.6 Hz; CH,), 2.91 (s; CH,), 3.92 (sept, 
'J(H,H) = 6.6 Hz; CH); "C NMR: 6 = 22.08 (q, 'J(C,H) = 124.9 Hz; CH,), 44.61 
(t? 'J(C,H) = 142.0 Hz; CH,), 50.53 (d, 'J(C,H) = 136.7 Hz; CH), 236.8 (s; C:). 

3d: 'H NMR: 6 = 1.36 (s; CHI), 3.04 (s; CHI); "C NMR: 6 =29.83 (CH,), 44.36 
(CH,), 55.68 (C(CH,),), 238.25 (s; C:). 

4a: 'HNMR:6=2.62(s;CH,),2.76(~;CH~);'~CNMR:6=40.21 (q,*J(C,H)= 
134.5 Hz; CH,), 52.70 (t, 'J(C,H) = 139.7 Hz; CH,), 129.61 (G). 
4b:'HNMR:6=1.06(t,7.5 Hz;CH3),2.80(s;NCHz),3.05 (q.7.5 Hz;CH,CH,); 
"C NMR: 6 = 12.98 (q, 'J(C.H) = 124.8 Hz; CH,), 45.62 (t. 'J(C,H) = 135.0 Hz; 
CHI), 49.08 (t, 'J(C,H) = 139.2 Hz; CH,), 125.67 (s; G). 
4c: 'H NMR: 6 = 1.03 (d, ,J(H,H) =6.6 Hz; CH,), 2.75 (s; CH,), 4.12 (sept, 
,J(H,H)=6.6Hz; CH); ')C NMR: 6 =  19.7 (br.; CH,), 46.4 (d, 'J(C,H)= 
139.9 Hz; CH), 43.1 (t, 'J(C,H) = 136.8 Hz; CH,), 124.3 (G). 
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Dedicated to Professor Marianne Baudler 
on the occasion of her 75th birthday 

The oxygen analogue of porphyrin, the Dlh symmetrical 
dication 1 (as its perchlorate) d1,2] constitutes a key compound 
in the chemistry of nonnatural porphyrins. There exists a close 
relationship between 1 and porphyrin, both in terms of their 
synthesis and their aromaticity, as evident from spectra and 
molecular structure. However, the two macrocycles differ 
markedly in their chemical properties. Unlike porphyrin and 
the neutral monooxa- and dioxaporphyrin~,[~I 1 is no longer 
able to form complexes with metal ions because of its positive 
charge. Central to the chemistry of 1 are nucleophilic 
additions (and subsequent transformations) and the tetraoxa- 
porphyrin redox system, which is derived from the dication 
and is interesting from many viewpoints.[4] 

9 F 

I 
R fi A 

1-6 

R=H 
R=C,H, 4: X=O, 5: X=S. 6: X=Se 

1: X=O, 2: X=S, 3: X=Se (in solution only) 

The recently synthesized tetrathiaporphyrin dication 2 (as 
its perch l~ra te ) [~ ,~]  and the tetraselenaporphyrin dication 3,c51 
which has until now only been obtained in solution, both 
resemble 1 in terms of their reactivity and spectral character- 
istics, even though the ring system deviates significantly from 
planarity because of the steric interactions of the heteroatoms. 
Since the study of 1-3 is adversely affected by problems 
associated with solubility and/or crystallization, it is sensible 
to follow the lead of porphyrin chemistry and turn to the 
octaethyl compounds 4-6. After the syntheses of 4c71 and 5,ISI 
that of 6, presented here, has also been achieved, and with it 
the set of chalcogenaporphyrins-with the exception of the 
tellura comp~und[~l-is now complete. 

The 2-(hydroxymethyl)-3,4-diethylselenophene (7)"OI was 
chosen as the starting material in the synthesis of the 
octaethyltetraselenaporphyrin dication 6 (as its perchlorate). 
This would allow use of the route already proven in the 
synthesis of 1, 4, and E t h e  tetracyclocondensation to 
"porphyrinogen" and its oxidation with 2,3-dichloro-5,6- 
dicyano-1,4-benzoquinone (DDQ) with addition of HC104. 

Treatment of 7 with one equivalent of p-toluene sulfonic 
acid in nitromethane at 80°C (10 min) gave the expected octa- 
ethyltetraselenaporphyrinogen 8, albeit only in small amounts. 
Analogous to the cyclocondensation of 2-(hydroxymethy1)- 
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Karlsruhe for measuring the 77Se NMR spectra. 
[**I We thank Prof. Dr. J. Hahn and Bruker Analytische Messtechnik GmbH, 
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