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Abstract-Tertiary chlorides are readily cyanated in a one-not procedure using trimethylsilyl cyanide in the 
presence of SnCl,. The mechanism of this novel and synthetically useful reaction involves initial isonitrile 
formation followed by rearrangement to the tertiary nitrile. Other !&I active componds also undergo smooth 
cyanation. 

Cyan0 groups are synthetically useful because they pro- 
vide easy access to a host of other functional groups.’ 
Besides dehydration of amides or aldoximes,’ they can 

be prepared by such procedures as addition of HCN or 
EtzAICN to Michael acceptors? alkylation of depro- 
tonated nitriles’ or substitution of alkyl halides and 
tosylates by sodium or potassium cyanide.‘” In the latter 
case, the ambident cyanide ions5 undergo SN2 reactions 
preferentially at carbon, in accord with the Komblum 
rule” and the HSAB principle.’ Unfortunately, the yields 
are acceptable only in case of primary and certain 
secondary alkyl halides. Tertiary derivatives fail because 
SN2 reactions at a tertiary C atom are generally not 
possible. Switching to S,.,’ conditions is of no help, since 
alkylation then occurs at N with formation of tertiary 
amines or amides (Ritter reaction).8 

Our motivation for solving this long-pending problem’ 
stemmed from the idea that a new and simple method for 
geminal dialkylation of ketones” would then be possible 
as shown in Scheme I. Compounds containing quarter- 
nary atoms frequently occur in natural products and in 
theoretically and spectroscopically interesting com- 
pounds.” Furthermore, not readily accessible classes of 
compounds such as neopentyl amines are of industrial 
use. 

Scheme I. Geminal dialkylation of ketones (bond faced lines 
symbolize new bonds). 

We reasoned that the reaction of tertiary alkyl 
chlorides 1 with trimethylsilyl cyanide 2 yielding the 
nitrile 3 and trimethylsilyl chloride 4 should be ther- 
modynamically favorable. The real problem was to 6nd a 
catalyst which (I) makes the process kinetically feasible, 
and (2) does not result in the sole formation of isonitriles. 
It appeared reasonable to test Lewis acids as catalysts, 
since they are known to promote the formation of ter- 
tiary carbocations, which in turn could interact with the 
nucleophilic but non-basic trimethylsilyl cyanide 2. A 

related principle holds in Lewis acid induced a-t-alkyl- 
ations of silyl enol ethers.” 

R,C-CI + (CH,),Si-CN - RaC-CN t (CHMi-CI 

1 2 3 4 

As a result of an extensive search, we discovered that 
catalytic amounts of SnC& mediate the desired trans- 
formation at room temperature. Herein we wish to des- 
cribe the scope and mechanism of this reaction.13 

Trimethylsilyl cyanide 2 has been employed in a num- 
ber of other synthetically useful processes, including 
reactions with aldehydes, ketones and acid chlorides.” 
Until recently, the best procedure for its preparation 
involved the reaction of an excess of sodium or potas- 
sium cyanide with trimethylsilyl chloride 4 in N-methyl- 
pyrrolidinone at !JO-loo” @O-70% yields).‘s An improved 
synthesis makes use of sodium or potassium iodide, 
which effectively catalyze the reaction at mom rem- 
peruture (8788% yield).” 

Optimization. Using t-butyl and t-amyl chloride a 
number of reactions with 2 and various amounts of 
different Lewis acids in methylene chloride were carried 
out.” Approximate conversion to the desired nitrile was 
monitored by NMR spectroscopy, but the nature of the 
side products was not determined in all cases. It turned 
out that such Lewis acids as ZnCb, ZnBr,, Zn12, BiC&, 
AICb, FeCI,. SnCI, and TiCL were either unreactive or 
caused partial decomposition. The formation of tertiary 
nitriles or isonitriles in amounts exceeding 30% did not 
occur.” In sharp contrast, SnCL was found to be 
effective. The reaction time and quantity of SnCL were 
then optimized. In case of equivalent amounts, maximum 
conversion was about 50% (22”, 35 hr). The optimum was 
reached by using approximately 25 mol% of SnCL, con- 
version to the nitrile being ~-80% (22”, 35 hr). Isonitriles 
were not observed under these conditions. 

Synthetic scope. Based on the above optimization the 
tertiary alkyl chlorides Sa-19a (20-30 mmol) were reac- 
ted with trimethylsilyl cyanide 2 (25-38 mmol) in the 
presence of SnCl, (25 mol%) and the amount of tertiary 
nitrile Sh-19b determined. The numbers refer to isolated 
yields, those in brackets to approximate conversion. In 
order to determine whether the reaction could also be 
carried out on a larger scale, 0.5 mol methylcyclopentyl 
chloride 9a was employed. The yield of isolated product 
9b (64%) turned out to be approximately the same as in 
the previous case (20 mmol scale, 67%). 

ti, ,916-L %I 
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The above results provide a picture of the synthetic 
scope of the reaction. Open chain tertiary alkyl chlorides 
devoid of additional functional groups are readily 
cyanated. However, compounds containing electron 
withdrawing groups near the reaction center (e.g. 17-18) 
remain inert, presumably because SN1 activity is dras- 
tically reduced. For successful cyanation, the solvolytic 
rates of tertiary alkyl halides’* may be used as a rough 
guidehne.‘9 ‘Ihe rate should be at least as high as that of 
methylcyclohexyl chloride 11~. The l&dichloride 16a 
reacts smoothly with complete chemoselectivity. In case 
of the dichloride 19s having two tertiary centers, the 
corresponding dicyano derivative 19h was not formed to 
any appreciable extent.‘!’ It is likely that in this case 
substitution at one carbon atom actually occurs, but that 
the carbonium ion generated thereafter undergoes cycl- 
ixation or other side reactions. In the cyclic series 
methylcyclooctyl chloride 13a is clearly an exception. 
‘Ihe compound is extremely reactive,” and even at lower 
temperatures (-30”) tar formation resuhs.‘9 Since we did 
not look at the products in detail, undesired rrans-annu- 
lar hydride shifts cannot be excluded. Finally, the 
exceptionally smooth reaction of the norbornyl deriva- 
tive 150 to form 1% with complete stereoselectivity is 
worthy of mention. The compound has the cyano group 
in the exe position as shown by hydrolysis to the cor- 
responding amide, which is a known compound.20 Pre- 
ferred exe addition of carbon nucleophiles to the cor- 
responding classical tertiary carbocation is sterically 
controlled and has been observed in other cases.2’ 

Mechanism Although a number of mechanisms can be 
envisioned, two particular possibilities appeared most 
likely (mechanism I and II). In order to explain why 
detectable amounts of isonirriles are nor formed, tri- 
methylsilyl isocyanide 20 may be invoked. Ahbough the 

equilibrium 2=20 is known to tie far on the left side,” 
20 could actually be the reacting species, continuous 
replenishment being possible. A similar hypothesis has 
been invoked to explain the formation of acyl cyanides 
in the reaction of acid chlorides with 2.‘4b According to 
mechanism I, SnCL induces ionization of 1 to the tertiary 
carbocation 21, which is attacked by the carbon atom of 
20. The intermediate nitrilium ion 22 is rapidly desilyl- 
ated to produce 3 and trimethylsiiyl chloride 4, both of 
which are observed experimentaRy.‘9 

Mechanism I: 
(CHM-CN *(CH,),Si-N=C 

2 2.0 

RK-CI t SnCLa R,C SnCL 
1 21 

21 t 2&(CH,),Si-&C-CR,SnC15G 

22 

22 e RJXN + 4 + SnCl, 
3 

According to mechanism II, the intermediite tertiary 
carbocation 21 adds to 2 at N. forming a &ilium ion 23 
which is isomeric to 22. Desilylation generates the isoni- 
trile 24 which is alkylated by additional 21 to produce a 
new nitrilium ion 2!J. In the 6nal step dealkylation alfords 
the product 3. Nitrilium ions are known to be involved as 
intermediates or stable salts in other processes.2’ Frag- 
mentation to nitriles has been observed in a mtmber of 
cases, whereby the more stable carbocation is split off 
preferentiaRy.23 
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Mechanism II: to fit into the picture. However, the cyanation conditions 
are ditferent, since large amounts of tatiary aIkyl 

2 + 21 o R&i = C-!G(CH$tCI~ 
chlorides are present which may increase the rate of 

23 
rearrangement. Indeed, the addition of 10 mol% of t- 
butyl chloride Sa to a mixture of k and SnCL caused 

23 e R,C-N=C + 4 + SnCL 
24 

24 t 21 e R$&CCRs &I, 
25 

25 e R,CCN t 21 
3 

rate acceleration by a factor of about four, reanange- 
ment being complete within 9 hr. Tert-butyl cations very 
likely catalyze the rearrangement as follows: 

(CH&XJ t SnCl, e (CH,),? &Cl, 

!ia #) 

(CHs)X-N=C t 28 # (CH,)&&C-C(CH,), 8nCls 
se 

In order to obtain direct experimental evidence for the 
29 

intermediate formation of isonitriles, the SnCL mediated 
reaction of t-butyl chloride 5s with 2 in methylene 

29* (CH&C-CN t 28 

chloride was checked after about one half-life. The NMR 
!ib 

spectrum’ of the mixture showed no evidence for the 
presence of t-butyl isocyanide SC. The same was found Obviously, 29 is a special case of the general nitrllium 

for a hydrolyzed sample. This means that either ion 25 in mechanism II. Various attempts to prepare and 

mechanism II does not apply, or that rearrangement is isolate such &ilium salts as 22 and 2!l failed, because 

faster than isonitrile formation. Upon canying out the fragmentation is rapid.19 Indeed, if this were not the 

same experiment in 1,2dichlorethane, diierent results case, the cyanation process would not be expected to 

were obtained. A hydrolyzed sample contained about occur with such high conversion. All of the present 

50% t-butyl chloride Sa, 15% tert-butyl cyanide Sb and results are in line with mechanism II. However, it is not 

30% t-butylisocyanide Se as well as unidentified products meant to represent a detailed account of the cyanation 

(-5%). Longer reaction times caused the gradual disap- reaction, since isonitrile formation may be more com- 

pearance of the isonitrile and the formation of t-butyl plex. Although we have not been able to detect such 

cyanide Sb (-Ml% conversion). species as CI&-CN, they could be transient reactive 

The above observations suggest that cyanation may intermediates. 

occur via initial isocyanide formation.’ We therefore Other cyanide donors. Besides trlmethylsilyl cyanide 2 

studied the influence of SnCL (20 mol%) on in- other metal cyanides such as NaCN, KCN and Zn(CN)2 

dependently synthesized t-butyl isocyanide k in methy- in combination with various Lewis acids (e.g. ZnCh, 

lene chloride at room temperature. After 16 hr the mix- SnCl.,, TiCl,) were tested as cyanation reagents for tert- 

ture contained appreciable amounts of rearranged t-butyl butyl chloride 5a. Either HCI elimination and/or decom- 

cyanide !lb (-50%). After a total reaction time of about position of Sa occured, or the system remained inert.” 

35 hr SC could no longer be detected. The mixture This underlines the central role of silicon in the cyana- 

showed the presence of t-butyl cyanide Sb to the extent tion reaction as delineated in mechanism II. 

of >90%, from which 54% was isolated by distillation.’ C&r !$.,I actiac compounds. We have discovered that 

Similarly, isonitriles 9c, ltk, Ilc and 26 were rearranged a-chloro ethers such as 3tL32a are readily cyanated at 

to 9b (65%) lob (74%) lib (30%) and 27 (70%) on a room temperature (4 hr) by trimethylsilyl cyanide 2 in the 

preparative scale. presence of 25 mol% SnCL in CH2C12 @O-90% yields). 
The same applies to the acetates 31b, 32b and 33a. 

N=C snq _ CN Successful application in the synthesis of C-nucleosides 
22Y requires refluxing for about 4 hr. Thus, 2&M-O-acetyl- 

26 27 
/?-Dribofuranosyl acetate 34a almost quantitatively 
yields the nitrile Mb. Neighboring group participation is 

The results show that SnCL cleanly catalyzes the 
likely to be responsible for the observed retention of 

isonitrile + nitrile rearrangement” under conditions 
contiguration. These reactions are closely related to the 

which are similar to those employed in the cyanation of 
cyanation of ketals*‘” 
acetates2Jb 

and certain ribofuranosyl 

tertiary alkyl chlorides. It is known that Lewis acids such 
induced by 2 in the presence of BF:, or SnC12 

as BF, cause dimerixation, oligomerixation and partial 
as described by Noxaki and Utimoto. as well as amino- 

rearrangement of isonitriles.” Although our observations 
alkylations as reported by Anteunis.25c 

speak for mechanism II, the fact that isonitriles are not 
observed during latter process (in CHEIJ does not seem a 8-x 8-x 

JL 32 
“Ihc to “N-‘El coupling, the tcrt-htyl group in k appears as 

M 
o:x=c1 n: x = CI 

a triplet (I. D. Kunitz, P. V. R. Schleyer and A. Akrhand, I. n. X=CN h:X= OAC 

Chem. Phys. 35, 1533 (1961)); Complcxation of k with SnCl, L:X= CN 

results in an adduct which does not show this effect.” 
bNote added in proof: If has keen reported that adamaatyl- AcO ’ 

chloride reacts with 2 in the presence of TiCI, to form tbc 
isonitrile; T. Sasaki, A. Nakanishi aod M. Ohno, I. Org. Chem 09 

\ 

X Y AcO AC 

46.5445 (1981). 
‘No attempt was made to optimize the isolation Procedure; k 

is very volatile. 

xl 
p: x=oAc 

x 

L: X=CN 
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Cyanation of ether derivatives as described above has 
some advantages over classical methods using NaCN, 
CuJCNh, Hg(CN)2 or AgCN? The yields are compaf- 
able or better, and chlorides as weN us acetates can be 
cyanated. 

EXPERIMENTAL 

General informafion. All mp and bps are uncorrected. IR 
spectra were recorded with a Perkin-Elmer 577 or 457 instru- 
ment, ‘H-NMR spectra: Varian EM-360 and Bruker WH-90; 
“C-NMR spectra: Varian WI-20; chemical shift values are 
expressed in ppm relative to TMS as the internal standard. MS 
(70 eV) spectra: Varian CA-711. Commercially available anhy- 
drous &Cl, (Aldrich or Merck) was used without further 
purification. SnC4 and (CH,),SiCN were handled under nitrogen 
using syringes and Aasks equipped with serum caps. 

General procedure for cyanation of tertiary aikyl chlorides. To 
a stirred soln of tertiary alkyl chloride (20 mmol) and 2 (2.6 g, 26 
mmol) in 60 mL anhyds CH,Cl, was added 0.56 mL (25 mol%) 
SnCl, under N,. After stirring at room temp for 23-38 hr, the 
dark soln was poured onto ice water and shaken vigorously. The 
organic phase was separated, the aqueous phase washed twice 
with CH,Q and the combined organic phases washed with a 
10% NaHCO, aq. The organic phase was dried over Na,SOI, 
concentrated and distilled (short path). Larger scale reactions 
were carried out in the same way using proportionally larger 
amounts of materials. 

2-Methyl-2-propacarbonitri/e*’ (Sb). 40 mmol scale, 36 hr 
reaction time: 2.12~ (64%) b.p. 105-107”; ‘H-NMR (Ccl,): S 1.3 
(s, 9); IR (film): 2215 cm-‘. 

2-MethyL2-butacarbonitrtte (6b). 20 mmol scale, 36 hr: 1.37 g 
(75%) b.p 32” (I8 mm); ‘H-NMR (Ccl,): 6 1.1 (t, 3), 1.3 (s, 6), I.6 
(a. . . . 2): ,, IR (film): 2980. 2940. 2890. 2230. 1420. 1380. 1100-1000 
cm-‘; MS:‘m/e’= 97 (M’. 13%). 82 (M’-CH,, i7%) 69 (C,H,H-, 
100%); (Found: C, 73.98; H, 11.38; N. 14.27. Calc. for C,H,,N: C. 
74.17; H, 11.41; N, 14.41%). 

2-Methyl-2-hepfacarbonitrile (7b). 20 mmol scale, 30 hr: 1.94 g 
(70%) b.p. 72” (18 mm); ‘H-NMR (CC&): 6 0.93 (1, 3), I.3 (s, 6). 
1.4 (m. 8); IR (film): 2940.2860,2225, 1450, 1365, 1200 cm-‘; MS: 
m/e = 139 (M’, I%), 124 (M’-CH,. 8%), 111 (M+-C,H,, 2%), 69 
(C,H,N+, loo%), 43 (C,H,‘, 8%); (Found: C, 77.52; H, 12.38; N, 
9.92. Calc. for C9H1,N: C, 77.64; H, 12.30; N, 10.05%). 

5-Methyl-5-undecacarbonitrile (8b). 20 mmol scale, 30 hr: 2.76 
g (70%) b.p. 54” (0.5 mm); ‘H-NMR (Ccl,): S 0.93 (m, IO), 1.3 (s, 
3), 1.4 (m, 12); “C-NMR (CDCI,): 8 124.63, 39.37, 39.14, 36.64, 
31.82, 26.89; IR (film): 2960, 2870, 2240, 1460, 1390, 1104l cm-‘; 
MS: m/e= I95 (M’, I%), 180 (M-CH,, 5%), 125 (Me-C,H,,,, 
60%), 69 (CIHnN’, 100%); (Found: C, 80.40; H, 13.06. Calc. for 
C,,H,,N: C, 79.93; H, 12.89%). 

I-bfethy/cyclopentacarbonitritez* (9b). 20 mmol scale, 32 hr: 1.5 
g (67%); 500 mmol scale, 32 hr: 34.9 g (64%) b.p. 52” (18 mm); 
‘H-NMR (CCL): 8 I.4 (s. 3). 1.62.3 (m. 8): “C-NMR (CDCI,): 6 ,, 
126.08,39:51,37.59,30.83, 24.84; IR (film): 2960,2870,2225 cm-‘; 
MS: m/e = I09 (Me. 2%). 94 (M’XH,, 4%). 81 (M’-C,H,, 12%). 
68 (C,H,N+, X0%). 

I-Ethylcyc/opentacarbonitri/ez9 (lob). 30 mmol scale, 32 hr: 3.0 
g (82%) b.p. 67” (I8 mm); ‘H-NMR (Ccl,): S 1.1 (1, 3). 1.5 (q, 2) 
1.5-2.2 (m, 8); “C-NMR (CDCI,): 8 125.19. 41.87. 37.64, 31.49, 
23.27, 17.22; IR (film): 2975, 2880, 2230, 1450, 1380, 1100 cm-‘; 
MS: m/e = 123 (M’, 3%). 108 (MeSH,, 8%) 95 (M--&H,, 22%), 
82 (&Ha+, 100%). 

I-Methylcyclohexacarbonitrile,O (lib). 20 mmol scale, 36 hr: 
0.9 g (38%) b.p. 62” (I8 mm); H-NMR (Ccl,): 6 1.3 (s, 3), 1.4-2.1 
(m, IO); “C-NMR (CDCI,): S 124.41, 34.30, 27.22, 24.22, 23.06, 
22.50; IR (film); 2985, 2940, 2880. 2235, 1460, 1370, 1100 cm-‘; 
MS: m/e= 123 (M’, 6%), I08 (M’XH,, 30%) 95 (M--&H,, 
18%). 68 (C,H,N-, 100%). 

I-hfethylcycloheptacarbonitri/e (12b). 20 mmol scale, 32 hr: 2.1 
g (76%) b.p. 82” (I8 mm); ‘H-NMR (Ccl,): 6 1.4 (s, 3), 1.5-2.0 (m, 
12); “C-NMR (CDCI,): 6 125.46,38.14, 36.90,30.29.29.78,25.70; 
MS: m/e = 137 (M’, 9%). 122 (M’CH,, 1%). I08 (&H,,+, 74%), 
68(C,H,N’,~),55(C,H,N’, lOO%);(Found: C,78.4l;H, 11.19; 
N, 9.98. Calc. for CPHI,N: C, 78.70; H, 11.01; N. 10.20%). 

I-Methylcyclododecacarbonitrite (14b). 20 mmol scale, 32 hr: 

2.4 g (6046) obtained by sublimation: m.p. 65”: ‘H-NMR (CCL): 8 
1.3 (s, 3), 1.3-1.5 (m, 22); IR (KBr):.M, 2930, 2870, 2230. l&O, 
1380. 1389. 1200 cm-‘: MS: m/e = 207 (M’. 4%). 192 (M’CH,. 
lmi, 179 (M--c,H,, 32%). 68 (C,H,N+,‘I~&) (Found:‘C, 80.91: 
H, 11.28; N, 6.52. Calc. for CIdH2,N: C, 81.09; H, 12.14; N, 
6.75%). 

exo - 2 - Methyl - 2 - norbomacarbonittile” (lsb). 30 mmol 
scale, 24 hr: 3.6 g (84%) b.p. 85” (I8 mm); ‘H-NMR (CCL): 6 
1.0-2.0 (m, IO), 1.4 (s, 3); “C-NMR (CDCI,): S 126.77, 46.52, 
44.46, 39.35, 37.07.28.24,22.48,22.07; IR (film): 2%0,2940,2860, 
2235, 1460. 1380, 1200, 1100 cm-‘: MS: m/e = 135 (M’, 16%). 120 
(M’CH,, 3l%), I08 (M+-HCN, 14%) 68 (C,HnN-, 100%). 

5 - Chloro - 2 - methylpentacarbonitrhe (Mb). 20 mmol scale, 
20hr: 2.1 g (72%) b.p. 90” (18mm); ‘H-NMR (Ccl,): 6 I.3 (s, 6). 
1.5-2.2 (m, 4), 3.5 (t,2); “C-NMR (CDCI,): 8 124.51,43.10,38.25, 
33.20, 32.37, 26.51; IR (film): 2990, 2940, 2860, 2225, 1450, 1370, 
1220, II00 cm-‘; MS: m/e = 146 (M-, 0.8%) I45 (M’, 0.6%). 130 
(M’CH,, 23%), 69 (C,H,N*, 100%) (Found: C, 57.64; H, 8.56; N. 
9.95. WC. for C,H,,CIN: C, 57.73; H, 8.30; N, 9.61%). 

2-hfethylexo-2-norbomyt carbonic acid amide. The soln of 
I.0 g (7 mmol) of 1Sb and I.6 g (28 mmol) KOH in 20 mL 98% 
EtOH was refluxed for 9 hr. The mixture was diluted with 30 mL 
H,O and poured onto 20 mL ether. The organic phase was 
separated and the aqueous phase extracted with 100 mL ether. 
The combined organic phases were concentrated and the residue 
crystallized from EtOH: 0.82 g (72%) white crystals; m.p. 160” 
(litm 159”); ‘,C-NMR (CDCI,): 6 181.74, 49.16, 45.18, 41.84, 
38.80, 37.44, 28.71, 23.86, 23.47. 

Preparation of tertiary isonitrites. Using the general method of 
Ugi,‘* the following isonitriles were synthesized on a 100 mmol 
scale. 

I-Methylcyclopentylisocyanide (9~). 91% yield; b.p. 49’(18 mm); 
‘H-NMR (Ccl,): 6 1.3 (t, 3), 1.5-2.3 (m, 8); ‘,C-NMR (CDCI,): 6 
153.25 (t, Jc_a = 4.3 Hz). 63.36 (1, Jc.H = 5.1 Hz), 40.66. 26.22. 
22.73; IR (film): 2970,2880,2130. l450cm. ‘. MS: m/e = I09 (M’, 
5%). I08 (M+-H, 63%), 94 (M+-CH,, 34%) 83 (M+-CN, 83%), 68 
(C,H,‘, 74%), 41 (CH,CN’, 100%); (Found: C, 76.86; H, 10.17; 
N, 12.36. Calc. for C,H,,N: C, 77.01; H, 10.16; N, 12.83%). 

I-Ethylcyclopentyl isocyanide (ltk). 97% yield; b.p. 68” (18 
mm); ‘H-NMR (CC&): 6 O.% (1, 3). 1.2-2.2 (m. lO);~“C-NMR 
(CDCI,): 6 153.65 (1. I,.,., =4.7 Hz). 68.58 (1. Jr-, =4.6 Hz). 
39.16,32.30, 22.87, 8.9; IR (film): 2960, 2870,‘ 2125,‘.1460 cm i; 
MS: m/e = 123 (M’, 2%), 122 (M’ -H, 21%), IO8 (M’-CH,, 33%). 
97 (M-CN, 20%), 95 (M+-&HI, 51%). 67 (CsH,‘, 108%). 41 
(CH,CN’, 40%); (Found: C, 77.86; H, 10.65; N, 11.03. Calc. for 
CsH,,N: C, 77.99; H, 10.64; N, 11.37%). 

I-hfethylcyctohexyl isocyanide (11~). 8% yield; b.p. 69” (I8 
mm); ‘H-NMR (Ccl,): 6 1.3 (1, 3). 1.4-2.1 (m, IO); “C-NMR 
(CDCI,): 8 153.67 (1, Jc+ =4.7 Hz), 57.05 (t, Jc_ti = 4.8 Hz), 
37.46, 29.09. 23.92, 20.98; IR (film): 2940, 2870, 2130, 1470 cm ‘; 
MS m/e= 123 (M’, 2.8%). 122 (M+-H, 12%), I08 (M+-CH,, 
21%). 97 (M+-CN, 28%). 81 (C,H;. loo%), 41 (CH,CN’, 8%); 
(Found: C, 77.%; H, 10.70; N, 11.10. Calc. for CaH,,N: C, 77.99; 
H, 10.64; N, 11.37%). 

I-hfethylcyclooctyl isocyanide (13c). 92% yield; b.p. 118” (I8 
mm); ‘H-NMR (Ccl,): 6 I.3 (1, 3). 1.4-2.1 (m, 14); “C-NMR 
(CDCI,): 8 152.15 (1, Jc_,, = 4.4 Hz). 60.48 (1, JcN = 4.6 Hz), 
36.65.29.22, 27.29.23.79.21.67; IR (film): 2910,2850,2125, 1475, 
1445 cm-‘; MS: m/e= I51 (M’, 2%). I50 (M.-H, 17%), 136 
(M+-CH,, 33%), 123 (M’CN, 37%). 81 (C6H9’, 85%). 67 (C,H,-, 
77%), 41 (CH,CN+, 100%); (Found: C, 79.88; H, 11.35; N, 9.09. 
Calc. for C,,,H,,N: C, 79.41; H, 11.33; N, 9.26%). 

3-Ethylpentyt isocyanide (26). 88% yield; b.p. 57” (I8 mm); 
‘H-NMR (Ccl,): 6 0.9 (t, 9), 1.3-1.9 (m, 6); “C-NMR (CDCI,): 6 
153.54 (1, JcN = 4.7 Hz), 64.21 (t, JC_N = 4.7 Hz). 29.21, 7.19; IR 
(film); 2970, 2930, 2870, 2130. 1460 cm..‘; MS: m/e= 110 (M’- 
CH,, 8%), 97 (M’-CN, 33%). 69 (C,Hp’, IO@%), 41 (CH,CN+, 
65%); (Found: C, 76.63; H, 12.64; N. 10.38. Calc. for CRHIJN: C, 
76.74; H, 12.08; N, 11.1%). 

General procedure for the SnCl, mediated rearrangement of 
tertiary isonitriles. To a soln of 30 mmol isonitrile in 60 mL dry 
CH,Cl, was slowly added 0.70 mL (20 mol-%) anhyd SnCI,. The 
mixture slowly turned from yellow to dark red, and was allowed 
to stir for about 35 hr. It was then poured on IO mL ice water, 
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HIO. The aqueous phases were combii and cxbacted with 50 and K. G. Uatch, J. Org. Cha 46,2985 (1981). 
rni CH+.$ The -mrnbmed organic phases were dried over ‘O“B. M. Trost, Act. C&L Res. 7,85 (1974); ‘M. T. Reetz, W. F. 
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hr. yields beii about the same. Chem. Int. Ed Enal 19,429 (1980). 

General procedure for the cyanotion of a-chloro and a-aceloxy lzoT. H. Ghan, I. Paterson and J. Pinsonnault, Tetrahedron 
ethers. To a soln of IO mmol achloro or a-acetoxy ether and 1.2 g Liters 4183 (19771: bM. T. Reetz and W. F. Maier. Anaew. 

(12 mmol) 2 in 30 mL anhyd CHZ& was added 0.28 mL (25 Chem. Int. Ed: EI$. 17,48 (1978); ‘review: M. T. Re&z, ibid 
q ol-46) SnCl, under N2. ?be soln was stirred at room temp for 4 Int. Ed. EngJ. 21, % (1982). 
hr and then wured onto 30 mL ice water. The phases were “Preliminary account: M. T. Reetz and I. Chatziiosi6dis. Ibid 
separated ana the aqueous phase washed twice With 20 mL Int. Ed. E&l. 20, 1017 (1981). 
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evaporated and the residue vat. distilled (b&to-bulb with ““S. Hiinix and G. Wehner, ibid. 522 (1979): bJ. K. Rasmussen 

and S. My Heilman, Ibid 523 (1979). .. efficient cooling of the collector bulb). 
I-Cyonocfhyl ethyl erhc?3 (job). 0.9 g (8896); ‘H-NMR (Ccl,): 16M. T. Reetz and 1. Chatziiosiiidis. Ibid 330 (1982). 

S 1.2 (I, 3, J = 6 Hz), 1.4 (d, 3), 3.3-3.8 (m. 2). 4.1 (q, 1). “I. Chatziiosiiidis, Dissertation, Udiv. Marb&g (1981). 
l-Cyano-letruhydrofuunM (31~). From 318: 0.81 g (84%); from lsH. C. Brown and M. Borkowski, 1. Am. Chem. Sot. 74, 1894 

31b: 0.84g (t?7%); ‘H-NMR (CCb): 6 1.6-2.3 (m, 4), 3.8 (I, 2, (1952). 
J = 6 Hz), 4.5 (I, 1.5, J = 5 Hz). ‘q. Ktinzer, Diploma&it, Univ. Marburg (1982). 
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I). “M T. Reetz, M. Sauerwald and P. Walz, T&ah&on Letters 
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(198i)l bLewis acid induced rearrangement, dimerization and 
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