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sulfate and the solvents were evaporated, the crude product was 
purified by PLC. 

Data for the products 3-8 are as follows. 
3a: 'H NMR (CCl,) 7.4-7.2 (m, 6 H), 6.40 (br s 1 H), 6.2 (m, 

1 H), 6.0 (m, 1 H), 3.72 (br s, 2 H). l3NMR (CDCl,) 150.6, 141.5, 
133.4, 130.3, 129.3, 128.5, 127.9, 120.5, 110.3, 107.2, 31.8. mass 
spectrum, m l e  298, calcd 297.96635, found 297.966 f 0.006. 

3b: 'H NMR (CCl,) 7.4-7.2 (m, 6 H), 6.45 (br s, 1 H), 6.16 (m, 
1 H), 5.96 (m, 1 H), 3.74 (br s, 2 H); I3C NMR (CDCl,) 150.3, 141.6, 
133.9, 132.0, 129.4, 128.4, 128.1, 110.3, 107.9, 107.3, 34.1; mass 
spectrum m l e  342, calcd 341.91589, found 341.916 f 0.007. 

4a: Et (e, liquid film) 3105,3050, 1610,1580,1502, 1475, 1440, 
735, 690 em-'; 'H NMR (CC14) 7.44-7.2 (m, 6 H), 6.18 (m, 1 H), 
5.96 (m, 1 H), 5.40 (br s, 1 H), 5.16 (br s, 1 H), 3.48 (br s, 2 H); 
I3C NMR (CDCl,) 150.4, 141.6, 134.7, 129.2, 127.9, 118.6, 110.3, 
107.3, 37.2; mass spectrum, m l e  264, calcd 264.00532, found 
264.005 f 0.004. Anal. Calcd: C, 59.33; H, 49.60. Found: C, 
59.44; H, 4.72. 

4b: isolated as a mixture of E and 2 isomers; IR (D, liquid film) 
3050, 2985, 1580, 1505, 1478, 735 cm-'; 'H NMR (CC14) 7.4-7.0 
(m, 6 H), 6.14-5.74 (m, 3 H), 4.08 and 3.61 (quadruplets, J = 7 
Hz, 1 H), 1.78 (d, J = 7 Hz, 3 H), 1.40 (d, J = 7 Hz, 3 H); mass 
spectrum, m l e  292, calcd 292.03662, found 292.036 & 0.006. Anal. 
Calcd: C, 61.86; H, 5.54. Found: C, 61.52; H, 5.34. 

4c: isolated as a mixture of E and 2 isomers; 'H NMR (CCl,) 
7.4-7.0 (m, 6 H), 6.16-5.70 (m, 3 H), 3.5 and 3.44 (2 br s, 2 H), 
2.4-1.9 (2 quintet, J = 7.5 Hz, 2 H), 1.1-0.88 (2 t, J = 7.5 Hz, 3 
H); mass spectrum m l e  292, calcd 292.036 62, found 292.036 f 
0.006. Anal. Calcd: C, 61.86; H, 5.54. Found: C, 61.54; H, 5.44. 

4d: IR ( D ,  liquid film) 3050,2905, 1578, 1500, 1475, 1438, 732, 
690; 'H NMR (CCl,) 7.3-7.0 (m, 6 H), 6.1 (m, 1 H), 5.80 (m, 1 
H), 3.60 (br s, 2 H), 2.0 (9, 3 H), 1.92 (s, 3 H); mass spectrum, mle 
292, calcd 292.036 62, found 292.036 f 0.006. Anal. Calcd: C, 
61.86; H, 5.54. Found: C, 61.62; H, 5.53. 

5a was isolated together with the corresponding p isomer 5a': 
IR (e, liquid film) 3050,2890,1610,1580, 1490,1475,1440,1300, 
740, 710, 690 cm-*; 'H NMR (CCl,) 7.5-7.2 (m, 6 H), 6.32 (m, 1 
H), 5.80 (m, 1 H), 5.4-5.0 (m, 2 H), 3.6-3.2 (m + s, 5 H); mass 
spectrum, m l e  277, calcd 277.036 95, found 277.037 f 0.005. Anal. 
Calcd: C, 60.87; H, 5.47. Found: C, 61.08; H, 5.44. 

5d + 5d': 'H NMR (CC,) 7.05 (m, 5 H), 6.2 and 5.7 (m, 3 H), 
3.40 and 3.18 (br s, 5 H), 1.99 (s, 3 H), 1.91 (9, 3 H). 

6a was isolated together with its /3 isomer 6a': 'H NMR (CCl,) 
7.6-6.6 (m, 8 H), 5.42, 5.34, 5.14, 5.09 (br s, 2 H), 3.66 and 3.48 
(br s, 2 H); mass spectrum, m l e  280, calcd 279.98248, found 

279.983 f 0.005. Anal. Calcd: C, 55.91; H, 4.33. Found: C, 55.96; 
H, 4.49. 

7: 'H NMR (CC,) 7.2-6.84 (m, 5 H), 6.04 (m, 1 H), 5.72 (m, 
2 H), 3.72-3.46 (m, 11 H); mass spectrum, m / e  398, calcd 
398.018 47, found 398.018 i 0.008. 

8: 1H NMR (CC14) 7.18 (br s, 1 H), 6.15 (m, 1 H), 5.98 (m, 1 
H), 5.67 (9, J = 7 Hz, 1 H), 3.68 (9, J = 6 Hz, 1 H), 1.71 (d, J = 
6 Hz, 3 H), 1.44 (d, J = 7 Hz, 3 H); I3C NMR (CDCl,) 156.0, 141.3, 
131.3, 123.9, 110.1, 105.9, 43.7, 18.1, 16.8. Anal. Calcd: C, 50.25; 
H, 5.15. Found: C, 50.20; H, 5.12. 

Tri-n -butyltin Hydride Reduction of 5d + 5d' to 13 + 14. 
A 500-mg (1.6 X mol) sample of a mixture of 5d and 5d' was 
refluxed for 4.5 h in 5 mL of benzene solution containing 1 g (3.4 
X mol) of tri-n-butyltin hydride and 100 mg of azobis(is0- 
buryronitrile) (AIBN). The reaction mixture was then cooled to 
room temperature, and water was added. Extraction with ether, 
drying over magnesium sulfate and evaporation of the solvents 
gave 1.6 g of crude product. This was then bulb-to-bulb distilled 
[bp 120 OC (15 mmHg)] to give 200 mg of product mixture still 
containing some tin derivatives, which was purified by PLC @io2, 
eluent pentanelether, 955, v/v). A mixture of 13 and 14 (160 
mg, 67%) was thus isolated as a colorless liquid: 'H NMR (CC,) 
6.4-6.2 (m, 1 H), 6.C-5.7 (m, 2 H), 5.4-5.1 (m, 1 H), 3.52 and 3.44 
(s, 3 H), 3.15-3.04 (m, 2 H), 1.72 and 1.69 (9, 6 H); mass spectrum, 
m l e  149, calcd 149.12044, found 149.120 f 0.003. 

In the same way 12 was obtained from 4d (70% yield) after 
2.5 h of reflux in benzene solution: 'H NMR (CC14) 7.24 (br s, 
1 H), 6.22 (m, 1 H), 5.92 (m, 1 H), 5.28 (t, J = 6 Hz, 1 H), 3.30 
(d, J = 6 Hz, 2 H), 1.72 and 1.66 (2 s, 6 H). 
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The reaction of olefins with a mixture of phenylselenenyl chloride and mercury(I1) thiocyanate in benzene 
as the solvent affords @-(phenylse1eno)alkyl isothiocyanates selectively in good to excellent yields. The mercury 
salt not only increases the N selectivity in a kinetically controlled reaction but also accelerates the isomerization 
of @-(phenylseleno)alkyl thiocyanates to the corresponding isothiocyanates. Oxidative elimination of the (3- 
(phenylse1eno)alkyl isothiocyanates gives predominantly vinylic isothiocyanates together with a small amount 
of allylic isothiocyanates. This sequence constitutes a convenient method for conversion of olefins to vinylic 
isothiocyanates. 

It has been reported that the ambident nature of thio- 
cyanate ion is affected by the presence of a mercury salt 
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to increase the N selectivity in nucleophilic substitution 
reactions.' I t  was deemed valuable to introduce simul- 
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Table I. Isomer Ratio of 1 to 2 under Various Conditions" 
selenium reagent CHCl,, 

entry ( 5 mmol) M( SCN), (mmol) mL time, h ratiob of 2/1 
10 0.16 43:51 
10 1 31:69 
10 5 11:89 

24 2:98 10 
10 0.16 50:50 
10 0.16 69:31 
50 0.16 53:41 
50 5 44: 56 
10 0.16 98:2 

10 PhSeCl NaSCN (5 )  10 120 9 3 : l  

1 PhSeCl Hg(SCN)z (2.5) 
2 PhSeCl Hg(SCN)z (2.5) 
3 PhSeCl Hg(SCN), (2.5) 
4 PhSeCl Hg(SCN)z (2.5) 
5 PhSeBr Hg(SCN), (2.5) 
6 PhSeId Hg(SCN), (2.5) 
I PhSeCl Hg(SCN)z (2.5) 
8 PhSeCl Hg(SCN), (2.5) 
9 PhSeCl NaSCN (5) 

a Carried out using cyclohexene ( 5  mmol) at 25 "C. 

Prepared in situ from diphenyl diselenide and iodine. 

Yields and isomer ratios were determined by high-pressure liquid 
Prepared in situ from diphenyl diselenide and bromine. chromatography, Yields were almost quantitative in all cases. 

taneously into olefins the isothiocyanato group2 and the 
phenylseleno group which can be easily removed by oxi- 
dation. We have found that  the reaction of mono- and 
1,Zdisubstituted olefins with a mixture of phenylselenenyl 
chloride and mercury(I1) thiocyanate in benzene as the 
solvent affords p- (phenylse1eno)alkyl isothiocyanates se- 
lectively in good to excellent yields. The direction of 
elimination of selenoxides bearing a nitrogen functional 
group on a vicinal position depends on the nature of the 
nitrogen functional group. Thus, allylic amides are formed 
selectively by oxidation of 0-amidoalkyl phenyl  selenide^,^ 
while nitroalkenes are produced selectively from @-nitro- 
alkyl phenyl selenides? The formation of allylic isomers 
is slightly favored over that  of vinylic isomers in the cases 
of P-azidoalky15 and P-(dialkylamino)alkyl6 phenyl selen- 
ides. In the case of P-(phenylseleno)alkyl isothiocyanates, 
we have found that  their ozonization produces predomi- 
nantly the corresponding vinylic isothiocyanates accom- 
panied by a small amount of the allylic isothiocyanates 
except where the vinylic isothiocyanate is unstable due to 
the strain of the carbon skeleton. Since vinylic isothio- 
cyanate can be separated readily from other products 
(allylic isothiocyanate, diphenyl diselenide, etc.), these two 
procedures constitute a convenient method for the con- 
version of olefins to vinylic isothiocyanates. We describe 
here the details of these two procedures as one of our series 
of studies on organoselenium ~ h e m i s t r y . ~ ~ '  

Results and Discussion 
Preparation of 8-(Phenylse1eno)alkyl Isothio- 

cyanates. When phenylselenenyl chloride (2 equiv) was 
added to a suspension of mercury(I1) thiocyanate (1 equiv) 
in benzene, the color changed gradually from dark red to 
orange probably due to the formation of phenylselenenyl 
thiocyanate8* and mercury(I1) chloride (Scheme I). Re- 

(1) Watanabe, N.; Uemura, s.; Okano, M. Bull. Chem. Soc. Jpn. 1974, 
47, 2745-2748. Ibid. 1983,56, 2458-2462, 

(2) Drobnica, L.; Kristiiin, P.; Augustin, J. In 'The Chemistry of 
Cyanates and Their Thio Derivatives"; Patai, S.; Ed.; Wiley: New York, 
1977; Chapter 22. 

(3) Toshimitsu, A.; Aoai, T.; Owada, H.; Uemura, S.; Okano, M. J. 
Chem. SOC., Chem. Commun. 1981, 546-547: J. O r a  Chem. 1981, 46, 
4727-4733. 

(4) Hayama, T.; Tomoda, S.; Takeuchi, Y.; Nomura, Y. Chem. Lett. 

(5) Denis, D. N.; Vicens, J.; Krief, A. Tetrahedron Lett .  1979, 

(6) Reich, H. J.; Renga, J. M. J. Org. Chem. 1975, 40, 3313-3314. 
(7) Recent results: Toshimitau, A.; Uemura, S.; Okano, M. J .  Chem. 

SOC., Chem. Commun. 1982,87-89. Toshimitsu, A.; Owada, H.; Uemura, 
S.; Okano, M. Tetrahedron Lett. 1982, 23, 2105-2108. Toshimitsu, A.; 
Uemura, S.; Okano, M. J. Chem. Soc., Chem. Commun. 1982,965-966. 

(8) (a) Garratt, D. G.; Ryan, M. D.; Ujjainwalla, M. Can. J. Chem. 
1979,57, 2145-2153. (b) Garratt, D. G. Ibid. 1979,57, 2180-2184. 

1982, 1109-1112. 

2697-2700. 

Scheme I 
2PhSeCI + Hq(SCN)Z d 

2PhSeSCN t HgCIZ 

-SePh -SePh 

2 1 

3 4 5 6 

action of cyclohexene (2 equiv) with this mixture a t  am- 
bient temperature for 20 h gave trans-l-isothiocyanato- 
2-(phenylseleno)cyclohexane (1) as the sole product in 99% 
isolated yield. The  formation of the isomer, l-thio- 
cyanato-2-(phenylseleno)cyclohexane (2), was detected by 
TLC analysis a t  the first stage of this reaction. To in- 
vestigate the isomerization of 2 to 1, the ratio and yield 
of each was estimated by liquid chromatography at  various 
reaction times by using chloroform as the solvent. Al- 
though the isomerization is slightly faster in benzene than 
in chloroform, benzene interferes with liquid chromato- 
graphic analysis of the products. The results are sum- 
marized in Table I. Yields are almost quantitative (>- 
95%) in all cases. As the isomerization is slow in the cases 
of entries 7 and 8, entry 7 approximates the isomer ratio 
of a nearly kinetically controlled reaction. A t  higher 
reactant concentrations, the isomerization is faster and 
almost completed within 24 h (entries 1-4). In the absence 
of mercury salt, (entries 9 and 101, 2 is formed predomi- 
nantly (98%) in a kinetically controlled reaction as re- 
ported by Garratt et  al. (vide infra), and the isomerization 
of 2 to 1 was also extremely slow, affording 1 only in 7% 
yield after 5 days of reaction. Thus, it  can be concluded 
that the mercury salt not only increases the N selectivity 
in a kinetically controlled reaction but also accelerates the 
isomerization of 2 to 1. The role of the mercury salt is 
postulated to interact with 2 to regenerate the epi- 
selenonium ion and form a complex anion, (NCS-HgClJ, 
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Table 11. Preaparation of Various 0-(Phenylse1eno)alkyl 
Isothiocyanates' 

yield,b % 
olefin time, h product(s) (isomer ratio) 

cyclopentene 14 
cyclohexene 20 
cycloheptene 0.5 
c yclooctene 5 
cyc looc te ne 20 
cyclododecene 96 
cis-4-octene 3 
cis-4-octene 20 
trans-4-octene 3 
trans-4-octene 20 
l-octene 20 
styrene 2 
styrene 20 
3,3-dimethyl-l-butene 15 

3 99 
1 99 
4 97 
5 91 
5 92 
6 93 
threo-7 84 
threo-7 98 
erythro-7 94 
erythro-7 99 
8a + 8d 84 (>95:<5)d 
8b 72  
8b 70 
8c 93 

a Carried out by using olefin (5  mmol), phenylselenenyl 
chloride ( 5 mmol), and mercury( 11) thiocyanate (2.5 
mmol) in benzene (10 mL) at ambient temperature. 

Isolated yield by column or preparative thin-layer 
chromatography. 

The isomer ratio was determined by comparison of 
peak intensities of the I3C NMR signals. 

Carried out at reflux temperature. 

Scheme I1 

ery thro-7 
0'5-4 - oc tene  - threo-7 

which then attacks the episelenonium ion to  afford 1 
(Scheme I). The use of phenylselenenyl bromide or iodide 
instead of the chloride showed that the N selectivity cannot 
be improved under kinetically controlled conditions (en- 
tries 5 and 6). The rate of isomerization was roughly 
measured by the addition of mercury(I1) chloride to  the 
reaction system of entry 9 (2/1, 98:2). After 1 h the ratio 
of 2 to  1 was found to  be 70:30, this isomerization rate 
agreeing quite well with that  observed in entries 1-4. 

The reaction of olefins with phenylselenenyl thiocyanate 
in dichloromethane as the solvent has been reported by 
Garratt et  a1.8 to  afford P-(phenylse1eno)alkyl isothio- 
cyanates selectively in the cases of acyclic tetra-, tri-, and 
1,2-disubstituted olefins either under conditions of kinetic 
control or by subsequent isomerization. However, there 
were no data on the isomerization in the cases of cyclic and 
monosubstituted olefins. The  remarkable effect of the 
mercury salt in the cyclohexyl system, as described above, 
prompted us to apply the reaction to various cyclic as well 
as mono- and 1,2-disubstituted olefins that were expected 
to  afford various products convenient for the study of 
selenoxide elimination reactions. As shown in Table 11, 
P-(phenylse1eno)alkyl isothiocyanates could be prepared 
in good to  excellent yields in every case. The reactions 
were carried out until the  P-(phenylseleno)alkyl thio- 
cyanate could no longer be detected by TLC analyses. The 
times required are listed in Table 11. The stereochemistry 
of 1 was confirmed to  be trans by a large diaxial coupling 
constant (9 Hz) of protons attached respectively to carbons 
bearing the phenylseleno and isothiocyanato groups. This 
result indicates that  the isomerization proceeds with re- 
tention of configuration, probably via an episelenonium 
ion intermediate. This stereospecificity was further con- 
firmed by the reactions with cis- and trans-Coctenes. The 
trans isomer gave the erythro product and the cis the threo 
product (Scheme 11). The products can be distinguished 
from each other by their I3C NMR. In the case of cyclo- 

Scheme I11 
NC S 

PhSeCl + Hg(SCNI2 I 
R ' C H ~ C H R '  R'CH - CHR' 

I 
SePh 

8a, R' = n-C6H13; R 2  = H 
b, R' = C,H,; R 2  = H 
C, R' = H; R 2  = t-C,H, 
d, R' = H; R 2  = n-C6H13 

dodecene a mixture of isomers (trans/cis, 63:37) was used 
as the starting substrate, and thus a mixture of isomers 
of 6 was formed in the same ratio, as expected. The 
isomerization of 2 to  1 was found to  be slower than that  
of the corresponding thiocyanate to  4 or 5, reflecting a 
higher energy barrier to a diaxial conformation of both 
substituents in the cyclohexane ring. That  conformation 
is necessary for the formation of an episelenonium ion. 
The  extremely slow isomerization in the case of cyclo- 
dodecene may be due to  the transannular interaction. 

Only in the case of l-octene was the isomerization found 
to  be extremely slow at ambient temperature. The thio- 
cyanate adduct was detected by TLC analysis after reac- 
tion for 4 days. After 20 h a t  reflux temperature, the 
isomerization was complete, affording the isothiocyanate 
adduct, which consisted mainly of the Markovnikov adduct 
8a (>95% by NMR) accompanied by a small amount 
of the anti-Markovnikov adduct 8d (Scheme 111). In the 
case of styrene the reaction proceeded smoothly at  ambient 
temperature, and the Markovnikov adduct 8b was formed 
selectively. The anti-Markovnikov adduct 8c was obtained 
as the sole product from 3,3-dimethyl-l-butene. The 
identification of the products is based on their 'H NMR 
spectra in which absorption due to  the protons geminal 
to  isothiocyanato group ( -4 ppm) can be distinguished 
from those geminal to phenylseleno group (-3 ppm). The 
structure of 8c was unambiguously determined by triplet 
a t  3.06 ppm and ABX octet a t  3.77 and 3.86 ppm. The 
result indicates that  even in a thermodynamically con- 
trolled reaction the isothiocyanato group or its complex 
ion with mercury salt suffers the steric hindrance of the 
t-Bu group and attacks the less positively charged primary 
carbon atom. This is in sharp contrast to  the addition of 
phenylselenenyl bromide to 3,3-dimethyl-l-butene9 where 
the Markovnikov adduct is obtained under thermody- 
namically controlled conditions. 

Oxidation of B-(Phenylse1eno)alkyl Isothio- 
cyanates. Ozonization of 1 in dichloromethane a t  -78 "C 
followed by addition of the resulting solution to refluxing 
carbon tetrachloride affords l-isothiocyanatocyclohexene 
(9b) as a major product accompanied by a small amount 
of 3-isothiocyanatocyclohexene (lob, Scheme IV). The 
formation of 9b or 10b could not be detected by TLC or 
GLC analysis when the dichloromethane solution of sele- 
noxide was allowed to  warm to ambient temperature. 
Oxidation by other reagents such as hydrogen peroxide and 
m-chloroperbenzoic acid resulted in the formation of an 
unworkable mixture of resinous products. The isomer ratio 
of 9a-f to 1Oa-f was estimated by GLC analysis, and 9a-f 
were isolated by preparative TLC. As summarized in 
Table 111, l-isothiocyanatocycloalkenes are obtained as 
major products (9a-d/lOa-d, ca. 4-6:l) in good to excellent 
yields by oxidative elimination of trans-l-isothiocyanato- 
2-(phenylseleno)cycloalkanes (1,3-5). Ozonization of er- 
ythro-7 affords (Z)-9f in a good yield by retention of the 
carbon framework (trans - trans), reflecting the trans 

(9) Raucher, S. J .  Org. Chem. 1977, 42, 2950. 
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Table III. Oxidative Elimination of p-(Phenylse1eno)alkyl Isothiocyanatesa 
selenide time, h product(s) yield,b % 9/1W ratio (Z)-/(E)-9 ratio 

3 0.5 9 a +  10a 53 82:18 
1 0.16 9b+  l o b  64 83:17 
4 0.16 9 c +  1oc 59 80 : 20 
5 0.5 9 d +  10d 83 86:14 
6 (erythrolthreo, ca. 3 : l )  0.5 9e + 10e 85 64:36 >99:<1 
ery thro-7 0.16 9f + 10f 76 94:6 > 99:< 1 
thre 0- 7 0.16 9f + 10f 77 46:54 11:89 
8a 0.5 1 l a  50 
8b 0.16 l l b  27 
8c 0.16 1 I C  67 

a Ozonization was carried out using the selenide ( 3  mmol) in dichloromethane (20 mL) at -78 "C for 0.5 h, followed by 
addition to refluxing carbon tetrachloride and stirred under reflux for the time shown in the table. 
yield of vinyl isothiocyanate by preparative TLC. 
during the purification by preparative TLC. 

Based on the isolated 
Determined by GLC. The product is unstable and decomposed 

Scheme IV 
SePh 

ACS 

R 2  
/ 

R'CH2CH=C + R'CH=CHCHR 

'NCS I 
NCS 

e, 
f, 

R',RZ = (CH,), 

R',R' = (CH,), 
R',RZ = (CH,), 
R',RZ = (CH,), 

R',RZ = ( C H 2 ) 3  

R' = C,H,; RZ = n-C,H, 
SePh 

I 
R ' C H C H R ~  -- 

I 
1 

NCS 

loa, R1,RZ = (CH,), 
b, R',R2 = (CH,), 
c, R1,RZ = (CN,), 
d, R',R' = (CH,), 
e, R1,R2 = (CH,), 
f, R' = C,H,; R2 = n-C,H, 

R '  
\ ,c=c ,R2 

SCN 'H 

. la ,  R' = n-C,H,,; RZ = H 
b, R' = C,H,; R2 = H 
C, R' = H, R2 = t-C,H, 

addition of PhSe and NCS groups followed by cis elimi- 
nation of the PhSe(0) group and hydrogen. The  ratio of 
9f to  10f is still higher (16:l) than those of cyclic olefins. 
Oxidative elimination of threo-7, however, affords a ca. 1:l 
mixture of 9f and 10f, 9f being a 9:l mixture of E and 2 
isomers. It has been confirmed that  (E)-9f (after purifi- 
cation by preparative TLC) isomerized to  its 2 isomer 
(lO%/day) when it was allowed to  stand in chloroform 
solution at ambient temperature. This observation indi- 
cates that  only E isomer is produced initially from threo-7 
with retention of the carbon framework (cis - cis) which 
isomerizes to  the mixture observed under present reaction 
conditions (reflux, 0.16 h). This instability of the E isomer 
forces the elimination away from the isothiocyanato group 
to  give 10f in a considerable amount. On ozonization of 
6 (erythro/threo, ca. 3:2) the isomer ratio of the elimination 
products (vinylic vs. allylic) was found to  be 64:36. GLC 
analysis revealed that  the vinylic isomer is almost pure 
(>99%), and the absorption of the olefinic proton a t  5.35 
ppm1° in the lH NMR spectrum suggests that  it possesses 

(10) It  is generally known that olefinic protons syn to a heteroatom 
absorb at  a lower magnetic field than those anti to a heteroatom in lH 
NMR spectra of olefins bearing a heteroatom substituent." In our study 
olefinic protons syn to the isothiocyanato group appeared at 5.52-5.89 
ppm [(E)-9f and ga-d], and those anti to the isothiocyanato group ap- 
peared at  5.23 and 5.27 ppm [(Z)-9f and l lb ] .  We believe that the 
absorption at  5.35 ppm in the text falls into the latter group. 

(11) See, for example: Silverstein, R. M.; Bassler, G. C.; Morrill, T. 
C. "Spectroscopic Identification of Organic Compounds"; Wiley: New 
York, 1974; p 216. 

the trans carbon framework. In the lH spectra of 1Oe and 
10f the large coupling constants of olefinic protons show 
that  they are trans isomers. In  the cases of 8a,l2 8b, and 
8c the selenoxides are so situated as to  eliminate in one 
direction. The  low yield of l l b  seemed to be due to  de- 
composition during the isolation procedures. We could not 
obtain an analytically pure sample. The regiochemistry 
of 8c was further confirmed by using off-resonance de- 
coupling in the 13C NMR spectrum of l IC in which both 
olefinic carbons appeared as doublets. Although the 
coupling constant of the olefinic protons could not be 
observed in the lH NMR spectrum due to the overlapping 
of the two signals, their chemical shift (5.86 ppm) is con- 
sistent with a trans geometry (one proton is syn to  the 
isothiocyanato group). 

The regioselectivity of the selenoxide elimination de- 
scribed above suggests that  the conjugation of the devel- 
oping double bond4 with the isothiocyanato group is larger 
than the repulsion of the dipole of the selenoxide and the 
carbon-nitrogen bond3 (the conformer which is free from 
this repulsion may produce the allylic isothiocyanate). 
However, the former effect is not so dominating as to  
overcome the steric hindrance of (E)-9e or (E)-9f as shown 
by the formation of a considerable amount of 10e or 10f. 

A general procedure for synthesis of vinylic isothio- 
cyanates has not yet been e~ tab l i shed .~J~  As vinylic iso- 
thiocyanates can be easily separated from other products 
such as allylic isothiocyanates and diphenyl diselenide, the 
formation of @-(phenylseleno)alkyl isothiocyanates followed 
by selenoxide elimination represents a convenient method 
for the conversion of olefins to  vinylic isothiocyanates. 

Experimental Section 
IR spectra were recorded with Hitachi EPI-S2 and 260-50 

spectrometers. 'H and 13C NMR spectra were obtained with 
JEOLCO JNM-PFT-100 instruments on solutions in CDC13 with 
Me& as an internal standard. GLC analyses were carried out 
with a Shimadzu 4BMPF apparatus by using a EGSS-X 
(3%)-Chromosorb W column (3 m; N, as carrier gas). Liquid 
chromatographic analyses were carried out with a Waters HPLC 
system equipped with a 6000A solvent delivery system and a 
Model 440 absorbance detector (at 254 nm) with a p-Porasil(3.9 
mm X 0.3 m) column [hexane-chloroform (9:l) as the eluent] by 
using benzyl thiocyanate as an internal standard. All organic and 
inorganic materials were commercial products. 

Preparation of trans-l-Isothiocyanato-2-(phenyl- 
se1eno)cyclohexane (1). General Procedure. Phenylselenenyl 
chloride (0.96 g, 5.0 mmol) in benzene (5  mL) was added to a 

(12) Pure 8a was isolated by column chromatography and used as a 

(13) See also: (a) Hussein, A. Q.; Jochims, J. C. Chem. Ber. 1979, 212, 
starting material in the selenoxide elimination reaction. 

1948-1955. (b) Ibid. 1979,112, 1956-1972. 
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suspension of mercury(I1) thiocyanate (0.79 g, 2.5 mmol) in 
benzene ( 5  mL), and the resulting suspension was stirred at  
ambient temperature for 1 h (the color turned gradually to orange). 
Cyclohexene (0.41 g, 5.0 mmol) in benzene (5  mL) was added (the 
color turned immediately to pale yellow), and the suspension was 
stirred at ambient temperature until l-thiocyanato-2-(phenyl- 
se1eno)cyclohexane (2) could no longer be detected by TLC 
analysis (20 h). The yellow precipitates were filtered off and 
washed with benzene. The combined washings and organic so- 
lution were washed successively with aqueous potassium iodide, 
aqueous sodium thiosulfate, and brine and then dried over MgS04. 
The solvent was removed under reduced pressure, and the residual 
oil was subjected to column chromatography [silica gel, hexane 
to hexanethyl acetate (101) as the eluent] to give a trace amount 
of diphenyl diselenide and pure 1: 1.47 g (4.96 mmol, 99%); pale 
yellow oil; IR (film) 2110 (br) cm-'; 'H NMR 6 1.2-1.8 (m, 6 H), 
2.1-2.3 (m, 2 H), 3.16 (dt, 1 H, J = 4, 9 Hz), 3.57 (dt, 1 H, J = 
4, 9 Hz), 7.2-7.4 (m, 3 H), 7.5-7.7 (m, 2 H). Anal. Calcd for 
CI3Hl5NSSe: C, 52.70; H, 5.10; N, 4.73. Found: C, 52.88; H, 5.15; 
N, 4.97. 

Spectral and combustion analytical data of other @-(phenyl- 
se1eno)alkyl isothiocyanates are as follows. 8b was isolated by 
preparative thin-layer chromatography. AU other compounds were 
isolated by column chromatography and, if necessary, further 
purified by preparative TLC. 

3: IR (film) 2100 (br) cm-'; 'H NMR 6 1.5-2.5 (m, 6 H), 
3.45-3.68 (m, 1 H), 3.81-3.96 (m, 1 H), 7.2-7.3 (m, 3 H), 7.4-7.6 
(m, 2 H). Anal. Calcd for Cl2HI3NSSe: C, 51.06; H, 4.64; N, 4.96. 
Found: C, 51.22; H, 4.64; N, 5.32. 
4: IR (film) 2050 (br) cm-'; 'H NMR 6 1.25-2.3 (m, 10 H), 3.45 

(ddd, 1 H, J = 8, 6.5, 3 Hz), 3.94 (ddd, 1 H, J = 6.5, 5.5, 3 Hz), 
7.1-7.35 (m, 3 H), 7.4-7.6 (m, 2 H). Anal. Calcd for CI,H17NSSe: 
C, 54.19; H, 5.52; N, 4.51. Found: C, 54.55; H, 5.60; N, 4.71. 

5:  IR (film) 2050 (br) cm-'; 'H NMR 6 0.8-2.4 (m, 12 H), 3.45 
(ddd, 1 H, J = 10,7.5, 2.5 Hz), 3.92 (ddd, 1 H, J = 10,5, 3.5 Hz), 
7.2-7.4 (m, 3 H), 7.3-7.5 (m, 2 H). Anal. Calcd for CI5HI9NSSe: 
C, 55.55; H, 5.90; N, 4.32. Found: C, 56.05; H, 5.97; N, 4.60. 

6: IR (fi) 2070 (br) cm-'; 'H NMR 6 1.0-2.1 (m, 20 H), 3.2-3.4 
(m, 1 H), 3.88 (ddd, 1 H, J = 8.5, 5.5, 2 Hz), 7.1-7.3 (m, 3 H), 
7.4-7.6 (m, 2 H). Anal. Calcd for CI9Hz7NSSe: C, 60.14; H, 7.17; 
N, 3.69. Found: C, 60.26; H, 7.26; N, 4.15. 

erytbro-7: IR (film) 2090 (br) cm-'; 'H NMR 6 0.8-1.1 (m, 
6 H), 1.1-1.9 (m, 8 H), 3.05-3.2 (m, 1 H), 3.81 (dt, 1 H, J = 8, 
4.5 Hz), 7.2-7.3 (m, 3 H), 7.4-7.6 (m, 2 H); I3C NMR 6 13.4 (q), 

(d, J,-,-% = 69 Hz), 62.8 (d), 131.8 (s), and phenyl signals. Anal. 
Calcd for CI5H,,NSSe: C, 55.20; H, 6.49; N, 4.29. Found: C, 54.97; 
H, 6.58; N, 4.75. 

tbreo-7: IR (film) 2080 (br) cm-'; 'H NMR 6 0.8-1.1 (m, 6 H), 
1.1-2.0 (m, 8 H), 3.1-3.3 (m, 1 H), 3.82 (ddd, 1 H, J =  8.5, 5 ,  3 
Hz), 7.2-7.4 (m, 3 H), 7.5-7.6 (m, 2 H); 13C NMR 6 13.5 (q), 13.7 

= 69 Hz), 62.5 (d), 132.1 (s), and phenyl signals. Anal. Found: 
C, 55.29; H, 6.60; N, 4.60. 

8a: IR (film) 2070 (br) cm-'; 'H NMR 6 0.84 (t, 3 H), 1.0-1.4 
(m, 8 H), 1.4-1.8 (m, 2 H), 3.03 (d, 2 H, J = 6 Hz), 3.75 (quintet, 
1 H, J = 6.5 Hz), 7.1-7.3 (m, 3 H), 7.3-7.5 (m, 2 H); I3C NMR 
6 14.0 (q), 22.5 (t), 25.8 (t), 28.6 (t), 31.5 (t), 33.3 (t), 35.5 (t), 58.7 
(d), 131.8 (s), and phenyl signals. Anal. Calcd for Cl5HZ1NSSe: 
C, 55.20, H, 6.49; N, 4.29. Found: C, 55.46; H, 6.61; N, 4.62. 

8b: IR (film) 2050 (br) cm-'; 'H NMR 6 3.29 (d, 2 H, J = 7 
Hz), 4.85 (t, 1 H, J = 7 Hz), 7.15-7.4 (m, 8 H), 7.4-7.5 (m, 2 H). 
Anal. Calcd for C15H13NSSe: C, 56.60; H, 4.18; N, 4.40. Found: 
C, 56.69; H, 4.10; N, 4.81. 

8c: IR (film) 2100 (br) cm-'; 'H NMR 6 1.10 (9, 9 H), 3.06 (t, 
1 H, J = 6 Hz), 3.77 (ABX q, 1 H, J = 15, 6 Hz), 3.86 (ABX q, 
1 H,J = 15, 6 Hz), 7.1-7.3 (m, 3 H), 7.4-7.5 (m, 2 H). Anal. Calcd 
for CI3Hl7NSSe: C, 52.34; H, 5.74; N, 4.70. Found: C, 52.73; H, 
5.84; N, 5.11. 

8d (detected as a mixture with 8a): 13C NMR 6 27.4 (t), 28.8 
(t), 32.2 (t), 44.3 (d), 49.7 (t) (other signals overlapped with those 
of sa). 

l-Thiocyanato-2-(phenylseleno)cyclohexane (2) (isolated 
by column chromatography with aluminium oxide packing): IR 
(film) 2050 cm-'; 'H NMR 6 1.1-2.0 (m, 6 H), 2.15-2.6 (m, 2 H), 
3.1-3.45 (m, 2 H). 7.3-7.5 (m, 3 H), 7.6-7.8 (m, 2 H). Anal. Calcd 

13.8 (q), 19.7 (t), 21.2 (t), 33.2 (t, Jc,se = 13 Hz), 35.9 (t), 50.5 

(q), 19.7 (t), 21.3 (t), 34.9 (t, Jc,% = 13 Hz), 35.3 (t), 50.8 (d, Jc,-s 

Toshimitsu e t  al. 

for C13H15NSSe: C, 52.70; H, 5.10; N, 4.73. Found: C, 52.38; H, 
4.96; N, 5.01. 

Ozonization of trans -1-Isothiocyanato-%(phenyl- 
se1eno)cyclohexane ( 1 )  and Thermal Decomposition of the 
Selenoxide. General Procedure. A solution of 1 (0.89 g, 3.0 
mmol) in dichloromethane (20 mL) was cooled to -78 "C under 
nitrogen, and ozone was introduced into the solution until the 
color of the solution became blue (-0.25 h). The solution was 
stirred at the same temperature for 0.5 h. Then nitrogen was 
bubbled through the solution to expel excess ozone. The colorless 
solution was rapidly introduced to refluxing carbon tetrachloride 
and heated under reflux for 10 min. The isomer ratio of 9b/10b 
was revealed to be 83:17 by GLC analysis. After evaporation of 
the solvents the residual oil was subjected to preparative TLC 
to give pure 9b (0.22 g, 1.6 mmol, 53%) and a mixture of 10b and 
diphenyl diselenide. Pure 10b was obtained by Kugelrohr dis- 
tillation of this mixture (20 torr, bath temperature -250 OC). 

9b:13b IR (film) 2080 (br) cm-'; 'H NMR 6 1.4-1.8 (m, 4 H), 
2.0-2.3 (m, 4 H), 5.73 (tt, 1 H, J = 4, 1.5 Hz). Anal. Calcd for 
C7H9NS: C, 60.39; H, 6.52; N, 10.06. Found: C, 60.16; H, 6.65; 
N, 10.09. 

IR (film) 2060 (br) cm-'; 'H NMR 6 1.2-2.3 (m, 6 H), 
4.1-4.3 (m, 1 H), 5.69 (ddt, 1 H, J = 10, 3.5, 2 Hz), 5.92 (dtd, 1 
H, J = 10, 3.5, 1 Hz). Anal. Found: C, 60.23; H, 6.68; N, 10.27. 

Spectral and combustion analytical data of several other vi- 
nylicI5 and allylic isothiocyanates are as follows. 

9a: IR (film) 2050-2150 (br) cm-'; 'H NMR d 1.8-2.2 (m, 2 H), 
2.2-2.6 (m, 4 H), 5.64 (tt, 1 H, J = 2.5, 2 Hz). Anal. Calcd for 
C6H7NS: C, 57.56; H, 5.64; N, 11.19. Found: C, 57.16; H, 5.63; 
N, 11.14. 

loa: IR (film) 2040-2150 (br) cm-'; 'H NMR 6 1.8-2.8 (m, 4 
H), 4.6-4.8 (m, 1 H), 5.76 (dq, 1 H, J = 5.5,  2 Hz), 5.9-6.1 (m, 
1 H). Anal. Found: C, 58.04, H, 5.75; N, 11.16. 

9c: IR (film) 2050 (br) cm-'; 'H NMR 6 1.4-1.8 (m, 6 H), 
2.05-2.2 (m, 2 H), 2.4-2.5 (m, 2 H), 5.89 (t, 1 H, J = 6.5 Hz). Anal. 
Calcd for C8Hl1NS: C, 62.70; H, 7.23; N, 9.14. Found: C, 62.92; 
H, 7.46; N, 9.31. 

1Oc: IR (film) 2070 (br) cm-'; 'H NMR 6 1.4-2.4 (m, 8 H), 
4.3-4.5 (m, 1 H), 5.6-6.0 (m, 2 H). Anal. Found: C, 62.69; H, 
7.37; N, 9.24. 

9d: IR (film) 2050-2100 (br) cm-'; 'H NMR 6 1.2-1.8 (m, 8 
H), 1.9-2.2 (m, 2 H), 2.2-2.4 (m, 2 H), 5.69 (t, 1 H, J = 8.5 Hz). 
Anal. Calcd for C9HI3NS: C, 64.62; H, 7.83; N, 8.37. Found: C, 
64.58; H, 7.97; N, 8.58. 

10d: IR (film) 2040-2100 (br) cm-'; 'H NMR 6 1.2-1.9 (m, 8 
H), 2.0-2.3 (m, 2 H), 4.5-4.7 (m, 1 H), 5.56 (dd, 1 H, J = 10.5, 
7 Hz), 5.77 (dtd, 1 H, J = 10.5,8,1 Hz). Anal. Found: C, 64.69; 
H, 7.96; N, 8.55. 

9e: IR (film) 2050-2100 (br) cm-'; 'H NMR 6 1.0-1.7 (m, 16 
H), 2.1-2.4 (m, 4 H), 5.35 (t, 1 H, J = 7.5 Hz). Anal. Calcd for 
Cl3HZ1NS: C, 69.90; H, 9.48; N, 6.27. Found: C, 70.23; H, 9.67; 
N, 6.56. 

10e: IR (film) 2060-2150 (br) cm-'; 'H NMR 6 1.0-1.6 (m, 14 
H), 1.6-1.9 (m, 2 H), 2.0-2.3 (m, 2 H), 4.17 (dt, 1 H, J = 4.5, 7 
Hz), 5.38 (dd, 1 H, J = 15, 7 Hz), 5.66 (dt, 1 H, J = 15, 7 Hz). 
Anal. Found: C, 70.14; H, 9.66; N, 6.65. 

(Z)-9f IR (film) 2090 (br) cm-'; 'H NMR 6 0.91 (t, 6 H, J = 
7.5 Hz), 1.2-1.5 (m, 4 H), 2.14 (q, 2 H, J = 7.5 Hz), 2.19 (t, 2 H, 
J = 7.5 Hz), 5.23 (t, 1 H, J = 7.5 Hz). Anal. Calcd for C9HI5NS: 
C, 63.86; H, 8.93; N, 8.27. Found: C, 63.60; H, 9.07; N, 8.49. 

(E)-9f16 IR (film) 2050-2100 (br) cm-'; 'H NMR 6 0.91 (t, 
3 H, J = 7 Hz), 0.94 (t, 3 H, J = 7 Hz), 1.39 (sextet, 2 H, J = 7 
Hz), 1.56 (sextet, 2 H, J = 7 Hz), 2.03 (q, 2 H, J = 7.5 Hz), 2.25 
(t, 2 H, J = 7.5 Hz), 5.52 (t, 1 H, J = 7.5 Hz). Anal. Found: C, 
64.14; H, 9.06; N, 8.63. 

10f IR (film) 2050 (br) cm-'; 'H NMR 6 0.8-1.2 (m, 6 H), 
1.2-1.8 (m, 4 H), 2.07 (quintet, 2 H, J = 7 Hz), 4.15 (4, 1 H, J 
= 6.5 Hz), 5.38 (ddt, 1 H, J = 15, 6.5, 1.5 Hz), 5.76 (dtd, 1 H, J 

(14) Greenwood, F. L.; James, W. J. J.  Am. Chem. SOC. 1951, 73,4495. 
Emerson, D. W.; Booth, J. K. J.  Org. Chem. 1965, 30, 248C-2481. 
(15) For preparations on larger scales, 9a-f and 1 la,c can be isolated 

by column chromatography (silica gel). All of them, except for (E)-9f, 
can be stored as solutions in inert solvent at  least for 1 month in a 
refrigerator. 

Chem. SOC., Perkin Trans. I ,  1981, 52-57. 
(16) Cambie, R. C.; Mayer, G. D.; Rutledge, P. S.; Woodgate, P. D. J .  
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= 15, 6, 1 Hz). Anal. Found: C, 63.59; H, 9.13; N, 8.59. 
lla: IR (film) 2030, 2080 (br) cm-’; ‘H NMR 6 0.88 (t, 3 H), 

1.1-1.7 (m, 8 H), 2.27 (t, 2 H, J = 7 Hz), 4.79 (br s, 1 H), 4.92 (9, 
1 H). Anal. Calcd for Ca15NS: C, 63.85; H, 8.93; N, 8.27. Found: 
C, 63.38; H, 8.97; N, 8.42. 

llb: lH NMR 6 5.27 (d, 1 H, J = 1 Hz), 5.53 (d, 1 H, J = 1 
Hz), 7.1-7.6 (m, 5 H). 

llc: IR (film) 2070-2130 (br) cm-’; ‘H NMR 6 1.04 (s, 9 H), 
5.86 (s, 2 H); 13C NMR 6 29.1 (q), 32.5 (s), 113.3 (d), 132.3 (a, 
N=C==S), 144.0 (d). Anal. Calcd for C7H11NS: C, 59.53; H, 7.85; 
N, 9.92. Found: C, 59.64; H, 8.07; N, 9.91. 

Registry No. 1, 87656-40-4; 2, 87656-41-5; 3, 87656-42-6; 4, 

87656-43-7; 5, 87656-44-8; 6 (isomer l), 87656-45-9; 6 (isomer 2), 
87726-15-6; threo-7, 87656-46-0; erythro-7, 87656-47-1; 8a, 
87656-48-2; 8b, 78386-96-6; 8c, 87656-49-3; ad, 87656-50-6; Sa, 
87656-51-7; Sb, 71055-61-3; 9c, 87656-52-8 Sd, 87656-53-9; (Z)-Se, 
87656-54-0; (Z)-9f, 87656-55-1; (@-Sf, 77425-32-2; loa, 52566-12-8; 
lob, 2696-79-9; lOc, 87656-56-2; lOd, 87656-57-3; (E)-lOe, 
87656-58-4; (E)-lOf, 87656-59-5; lla, 87656-60-8; 1 lb, 87656-61-9; 
(E)-1 IC, 87656-62-0; cyclohexene, 110-83-8; cyclopentene, 142-29-0; 
cycloheptene, 628-92-2; cyclooctene, 931-88-4; (2)-cyclododecene, 
1129-89-1; (E)-cyclododecene, 1486-75-5; cis-4-octene, 7642-15-1; 
trans-4-octene, 14850-23-8; 1-octene, 111-66-0; styrene, 100-42-5; 
3,3-dimethyl-l-butene, 558-37-2; phenylseleneyl chloride, 5707- 
04-0; mercuric thiocyanate, 592-85-8. 

Intramolecular Carbon-Hydrogen Insertions of Alkylidenecarbenes. 1. 
Selectivity 
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Base-promoted reaction between dialkyl ketones having y-hydrogens and dialkyl (diazomethy1)phosphonates 
leads to formation of cyclopentenes in modest to high yields. The relative reactivity of various types of car- 
bon-hydrogen bonds for the process, which involves insertion by an alkylidenecarbene, has been assessed, and 
the result has been compared to those reported when the carbene is generated by a elimination and by 1,2-shifts. 
The comparison suggests that a common species, viz., an alkylidenecarbene, may be responsible for formation 
of the cyclopentenes obtained from (a) flash vacuum pyrolysis of alkynes and (b) decomposition of diazoethenes, 
whereas that derived from a elimination of terminal vinyl halides is more selective, a result consonant with 
production of a carbenoid. 

Recent years have witnessed a burgeoning interest in the 
generation and chemistry of unsaturated carbenes 1 .z 

R2C=(=C=),=C 

I 
N 

These species undergo many of the same types of reactions 
as do their saturated relatives3 among which is insertion 
into various types of u  bond^.^,^ The  present paper is 

(1) This work taken in part from the dissertations of U.W. and D.H.G., 
submitted in partial fulfillment of requirements for the Ph.D. degree, 
University of Texas a t  Austin, 1980 and 1981. 

(2) Reviews: (a) Hartzler, H. D. In “Carbenes”; Moss, R. A,, Jones, M., 
Jr., Eds.; Wiley-Interscience: New York, 1975; Vol 11, Chapter 2. (b) 
Stang, P. J .  Chem. Reu. 1978, 78,383. (c) Stang, P. J. Acc. Chem. Res. 
1982, 15, 348. 
(3) Reviews: (a) Gilcrist, T. L.; Rees, C. W. “Carbenes, Nitrenes and 

Arynes”; Appleton-Century Crofts, Inc.: New York, 1969. (b) Kirmse, 
W. “Carbene Chemistry”, 2nd ed.; Academic Press: New York, 1971. (c) 
Jones, M., Jr.; Moss, R. A., Eds. “Carbenes”; Wiley-Interscience: New 
York, 1973; Val. I. (d) Barton, D. H. R.; Ollis, W. D. “Comprehensive 
Organic Chemistry”; Pergamon Press: New York, 1979; Val. 2. 

(4) Intermolecular: (a) Sakakibara, T.; Odaira, Y.; Tsutsumi, S. Tet- 
rahedron Lett. 1968, 503. (b) Newman, M. S.; Okorodudu, A. 0. M. J. 
Org. Chem. 1969,34,1220. (c) Newman, M. S.; Beard, C. D. J. Am. Chem. 
SOC. 1970, 92, 4309. (d) Newman, M. S.; Patrick, T. B. Ibid. 1970, 92, 
4312. (e) Gilbert, J. C.; Butler, J. R. Ibid. 1970,92, 7607. (f) Stang, P. 
J.; Mangum, M. G.; Fox, D. P.; Haak, P. Ibid. 1974,96,4562. (9) Gilbert, 
J. C.; Weerasooriya, U. Tetrahedron Lett. 1980,21,2041. (h) Gilbert, J. 
C.; Weerasooriya, U.; Wiechman, B.; Ho, L. Ibid. 1980,21,5003. (i) Stang, 
P. J.; Christensen, S. B. J. Org. Chem. 1981,46,823. 6) Gilbert, J. C.; 
Weerasooriya, U. lbid. 1983, 48, 448. 

(5) Intramolecular: (a) Erickson, K. L.; Wolinsky, J. J .  Am. Chem. 
Sac. 1965,87,1143. (b) Walsh, R. A.; Bottini, A. T. J. Org. Chem. 1970, 
35,1086. (c) Fisher, R. H.; Baumann, M.; Koebrich, G. Tetrahedron Lett. 
1974, 1207. (d) Brown, F. C.; Eastwood, R. W.; Harrington, K. J.; 
McMullen, G. L. Aust. J. Chem. 1974,27, 2393. (e) Wolinsky, J.; Clark, 
G. W.; Thorstenson, P. C. J. Org. Chem. 1976,41,745. (fj Brown, R. F. 
C.; Eastwood, F. W.; Jackman, G. P. Aust. J. Chem. 1977,30,1757. (8) 
Karpf, M.; Dreiding, A. S. Helu. Chim. Acta 1979, 62, 852. (h) Gilbert, 
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concerned with the intramolecular insertion of alkylide- 
necarbenes 1 (n  = 0) into carbon-hydrogen bonds. 

Several previous studies of such an intramolecular re- 
action have been reported. Koebrich et  al. in a brief 
communication noted that a elimination of terminal vinyl 
chlorides with n-butyllithium a t  -10 to -60 “C afforded 
cyclopentenes, accompanied by coupling products, in 
“good” yields (eq 1) and cited unpublished work showing 

that insertion occurs exclusively a t  C-5.5c Similarly, Wo- 
linsky et  al. found that  base-promoted a elimination of 
vinyl bromides a t  240 “C gave cyclopentenes (in yields 
ranging from 13% to 58%) along with alkynes and, in some 
cases, methylenecyclopropanes (eq 2).5a3e They were un- 

able to detect products of insertion into the carbon-hy- 
drogen bonds a t  C-4 or C-6, however.6 This result rein- 
forces the conclusion drawn from the earlier that  
a considerable kinetic preference exists for reaction by way 
of a six-centered transition state. By assuming that  the 
ratios of cyclopentenes to alkynes formed in their reactions 
were a reflection of the relative reactivities of the car- 
bon-hydrogen bonds at C-5 toward insertion, Wolinsky et 
al. found the trend to  be tertiary > secondary (benzylic) 
> secondary >> primary.5e Finally, Brown et  al.5d,f and 
Dreiding et  al.5g,ij have made the remarkable observation 

(6) The methylenecyclopropanes are believedse to be formed by an 
addition-isomerization sequence rather than by insertion into the C-H 
bond at  C-3. 
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