
1974 2101 

Conversion of Alcohols into Amides by Chlorodiphenylmethylium Hexa- 
chloroantimonate in Nitrile Solvents ; Some Further Reactions of the 
Tri phenylmet hyl Cat ion 
By Derek H. R. Barton,” Philip D. Magnus, Juan A. Garbarino, and Robert N. Young, Department of 

Chemistry, Imperial College of Science and Technology, London SW7 2AY 

Treatment of alcohols with the cations chlorodiphenylmethylium (I), dichloro(pheny1)methylium (11). and penta- 
chloroallylium (111) in nitrile solvents gives the nitrilium ions derived from the alcohols, which on quenching with 
water give the corresponding amides. Quenching the nitrilium ions with suitable nucleophiles provides tetrazoles. 
thioamides, amidines, and amidates. Certain limitations on the oxidations by triphenylmethyl cation reported 
previously are described. 

CHLORO-ANALOGUES of the triphenylmetliyl cation have 
been prepared recently as stable salts by Olah and 
Svoboda.1 The salts [chlorodiphenylmethylium (I), di- 
chloro (pheny1)methylium (11) , and pentachloroallylium 
(111) hexachloroantimonates] can be obtained readily, 
although they are extremely sensitive to moisture and 
must be handled in a dry atmosphere. 

For comparison with earlier work with the triphenyl- 
methyl cation, we have studied the reactions of the 
cations (I)-( 111) with alcohols.3 At room temperature 

Ph2&3 SbCl6  PhiCL2 Sb-ClG 

(I 1 (In 

products were obtained in which the alcohol function in 
the substrate had been replaced by the nucleophilic 
species in the reaction medium. In nitrile solvents, 
after aqueous work-up, amides w-ere formed (Scheme 1;  
Table 1). 

SCHEME 1 

Superficially the reaction seems to be a non-protonic 
analogue of the Ritter reaction.* However, there are 
notable differences. Cholesterol, which does not under- 
go the simple Ritter r e a ~ t i o n , ~  reacts with dichloro- 
(pheny1)methylium (11) in acetonitrile to give 3f3- 
acetamidocholest-5-ene. Also n-decanol reacts with the 
cations (I) and (11) in acetonitrile to give acetyldecyl- 

G. A. Olah and J. J. Svoboda, Synthesis, 1972, 307. 
D. H. R. Barton, P. D. Magnus, G. Smith, G. Streckei, and 

I). Zurr, J.C.S. Perkin I ,  1972, 542. 

amine, whereas the Ritter reaction works poorly, if a t  
all, with primary alcohols. Thus the carbonium ion 
reagents are more widely applicable than the Ritter 
reaction. 

Treatment of (+)-bornan-2-endo-o1 with the cation 
(I) in acetonitrile gave the racemic amide (IV; R1 = H, 
R2 = NHAc), and cholesterol gave exclusively 3p- 
substituted products. These results suggest a car- 
bonium ion intermediate. Treatment of bornan-2- 
endo-ol (IV; R1 = H, R2 = OH) with the cation (I) in 
t-butyl cyanide followed by quenching after 5 min 
resulted in complete conversion into the amide (IV; 
R1 = H, R2 = NH*COBut). However, addition of 
acetonitrile instead of quenching, followed by work-up, 
gave the two amides (IV; R1= H, R 2 =  NHAc or 
NH*COBut). Similarly if bornan-2-endo-01 (IV; R1 = H, 
R2 = OH) was treated with the cation (I) in acetonitrile, 
work-up gave the acetamide (IV; R1= H, R2 = NHAcf , 

( Y) (Yi 1 
whereas quenching with t-butyl cyanide gave the two 
amides (IV; R1 = H, R2 = NHAc or NHCOBut). 
The ratio of the two amides was roughly the same as the 
molar ratio of the two solvents (MeCN and ButCN). A 
similar experiment with MeCN and CD,CN gave the two 

D. H. R. Barton, P. D. RIagnus, and R. N. Young, J.C.S.  

J.  J. Ritter and P. P. Rfinieri, J .  Amer. Chem. SOC., 1948, 70, 
Chem. Comm., 1973, 331. 
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TABLE 1 

Reactions of the cations (1)-(111) with alcohols 
Substrate Solvent Cation Product Yield (yo) 

MeCN (I4 [:'I;? 1 N-(Cholest-6-en-3P-yl)acetamide a 

N-( Cholest-5-en-3p-yl) benzamide b 65 

55 
(*)-(IV; R' = H, R2 = NHAc) ' 70 
(j-)-(IV; R1 = H, R2 = NHAc) e 70 

45 
55 
75 

N- (trarzs-~-Menthan-cis-3-yl) acetamide 87 
N- (tram-p-Menthan-cis-3-y1)acetamide 42 
(Dehydration) 
N-Decylacetamide 50 
N-Decylacetamide ca. 60 
Very little amide 
( +) -N- (  l-Methylhepty1)acetamide (VI) ca. 86 
( f ) -N-(  1-Methylpropy1)benzamide 30 
3a-Chloro-3~-methylcholestane + olefin ca. 80 
3a-Chloro-3~-methylcholestane + olefin ca. 80 

(111) $ 

3 ~-Chlorocholest-5-ene 0 74 
N-(Cholestan-3a- and 3p-y1)acetamide C (1 : 1) 

(j-)-(IV; R1 == H, Rg = NHAc) 
(-J-)-(IV; R1 = H, R2 = NHCOBut) 
( f ) - (IV; R' = H, R' = NHAc) 

[EE (1) 
Cholesterol 

PhCN 
CH,Cl2 (11) 

Cholestanol MeCN (11) 
( f)-Bornan-2-endo-ol MeCN (1) 
( + ) -Bornan-2-endo-ol MeCN (1) 
( f)-Bornan-2-endo-o1 MeCN (111) 
( 4) -Bornan-2-endo-ol But CN (1) 
(f)-Bornan-2-exo-ol MeCN (1) 
( - ) -trans-p-Menthan-cis-3-01 MeCN (1) 
( - )-trans-p-Menthan-cis-3-01 MeCN (111) 
( +)-tvans-~-Menthan-trans-3-01 MeCN (1) 
Decan-1-01 MeCN (1) 
Decan-1-01 MeCN (11) 
Decan-1-01 MeCN (111) 
(+)-Octan-2-01 (V) MeCN (1) 

3 a-Me t hylcholestan- 3 p-01 MeCN (1) 
3 p-Meth ylcholes tan- 3a-01 MeCN (1) 

(+)-Butan-2-01 PhCN 

* In reactions with the cation (I) benzophenone is also produced. ? In reactions with the cation (11) benzoyl chloride is one of the 
products. $ No products derived from the cation (111) could be isolated. 

Ref. 7. b Ref. 9. C Ref. 10. d Ref. 12. Ref. 13. 

amides (IV; R1 = H, R2 = NHAc or NH*COCD,), also 
in a ratio roughly equal to the molar proportions of the 
two solvents. Bornan-2-exo-01 (IV; R1 = OH, R2 = H) 
afforded the amide (IV; R1 = H, R2 = NHAc) in 
MeCN. 

These experiments demonstrate that there exists an 
intermediate nitrile-alkyl adduct which can undergo 
nitrile exchange. Consequently the thermodynamically 
most stable product is formed. The exchange of nitrile 
molecules does not appear to involve a discrete carbonium 
ion, since even in the case of n-decanol nitrile exchange 
takes place (see Experimental section). The reaction 
with (-J-)-butan-2-01 also exhibits nitrile exchange. 
These results appear to indicate that the exchange 
proceeds by an SN2 mechanism. However, (+)-octan- 
2-01 reacts with the cation (I) in acetonitrile to give the 
inverted product ( + ) -N- ( 1 -met h ylhep t yl) acet amide 
(VI) (very little racemisation was detected). This un- 
expected result may be due to the long hydrocarbon 
chain folding back on itself in solution, thus screening 
the intermediate nitrile adduct from further attack. 
Furthermore no nitrile exchange took place when (+)- 
octan-2-01 was subjected to the same procedure as 
(&)-butan-2-01. Since (&)-butan-2-01 undergoes nitrile 
exchange, the product from (+)-butan-2-01 and benzo- 
nitrile is racemic. These results for the cation (I) are 
best accommodated as shown in Scheme 2, The alcohol 
reacts with the cation (I) to give an oxonium ion (VII). 
This would be expected to be a powerful alkylating 
reagent and is attacked by the nucleophilic solvent 
RCN to give the ion (VIII). This then equilibrates with 
RCN or R3CN to give the more stable ion, and work-up 
with water gives the more stable amide. 

In the case of cholesterol the specific formation of 
3p-acetamidocholest-5-ene indicates that the reaction 
proceeds through the i-cholesteryl ion (Scheme 3). The 
racemisation of (+)-bornan-2-endo-o1 when treated with 

the cation (I) in acetonitrile is tentatively rationalised 
as shown in Scheme 4. The intermediate (IX) can 
undergo methyl migration via a symmetrical inter- 

W 

/ 

SCHEME 2 

mediate thereby causing racemisation. In the case of 
short-lived carbonium ions in the bornane series, 
racemisation is generally in~omplete .~ A considerable 

6 D. V. Banthorpe, D. G .  Morris, and C. A. Bunton, J .  Chem. 
Soc. (B) ,  1971, 687. 
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amount of work has been carried out on the racemisation 
of camphor and its derivatives under carbonium-ion- 
forming conditions.6 

,\ 

HO 03 
1 

L 

R C Z N  +&' = @ 
+ N E C  R 

SCHEME 3 

Cholesterol did not give 3 p-acet amidocholes t-5-ene 
when treated with phosphoric trichloride, phosphorus 
pentachloride, boron trifluoride-ether complex, or di- 
chlorotriphenylphosphorane in acetonitrile. Antimony 
pentachloride reacted with menthol in acetonitrile to 
give N-menthylacetamide but the reaction was much 
slower than the cation reaction. 

TABLE 2 
Reactions of the nitrilium ion intermediates with nucleo- 

philes * 
Yield 

Substrate Nucleophile Product (%) 

( - ) -truns-pMenthan-cis-3-01 Bun,",- (XI) 50 
( h) -Bornan-2-endo-ol BP,&N,- (XII) 70 
Cholesterol Bun4",- (XIII) 50 
Cholesterol Et,NH 
Cholesterol EtOH 

( - ) -truns-p-Menthan-cis-3-01 Me,NCHS (X) 33 
-I- 

+ 

(g;; ;: 
* In each case a solution of the substrate in acetonitrile was 

treated with the cation (I) and after a few minutes the mixture 
was quenched with one of the above nucleophiles. Addition of 
thiocyanates, isothiocyanates, isocyanides, sulphides, disul- 
phides, or iodide ion gave no useful results. 

In the case of tertiary alcohols the intermediate 
nitrilium ion must be less stable than the derived 
carbonium ion. Capture of this carbonium ion by 

(a)  W. R. Vaughan, C. T. Goetschel, M. H. Goodrow, and 
C. L. Warren, J .  Amer. Chew. SOC., 1963, 85, 2282; (b)  J. D. 
Roberts and J. A. Yancey, ibid., 1963, 75, 3166; (G) W. R. 
Vaughan and R. Perry, ibid., p. 3168; (d) W. R. Vaughan and 
A. M. T. Finch, jun., ibid., 1965, 87, 5620; ( e )  A. M. Avedikian 
and A. Kergomard, Tetrahedron Letters, 1970, 2316; (f) C. A. 
Bunton, K. Khaleeluddin, and D. Whittaker, J.C.S. Perkin 11, 
1972, 1164. 

chloride ion or loss of a proton gives the observed 
products. 

The nitrilium ion intermediates could be quenched by 
nucleophiles other than water. Table 2 summarises the 
results obtained. The formation from 9-menthan-3-01 
of the thioacetamide may be rationalised as shown in 
Scheme 5 .  The method provides a convenient one-step 
synthesis of thioamides, tetrazoles, amidines, and 
amidates from alcohols. 

In summary, the cations (1)-(111) are useful re- 
agents for making alkylnitrilium ions from alcohols in 

E tZN/ EtO' 
X I Y )  (XY) 

nitrile solvents. The nature of the final product is 
determined by the nucleophile used in the work-up. 
The reactions are virtually instantaneous at  room 

C H 2- 0 BZ 
1 I 

CH2. OBZ 

0 

OBz 

CH,. OBZ 

B ZO -? OB 

0 az 

B z O - C H ~  

temperature. The cation (I), which is the preferred 
reagent since it gives the cleanest reactions, may be 
used stoicheiometrically ; benzophenone is the only 
by-product. 
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The reactions of the cations (1)-(111) with 1,2,5,6- ketones by the triphenylmethyl cation. The two 

tetra-0-benzoyl-3,4-0-isopropylidene-~-mannitol (XVI) possible mechanisms (A and B) for this reaction are 
were studied to assess their hydride abstracting pro- summarised in Scheme 6. With the acetals from 
perties2 No oxidation was observed. We therefore ethylene glycol mechanism A is operative and no tri- 

L& 

Ill 

" 

/ 
N=CMe 

SCHEME 4 

repeated the reaction of the acetal (XVI) with the 
triphenylmethyl cation. Contrary to our earlier results,2 
no triphenylmethane was produced and the only re- 
action was a slow conversion into mannitol 1,2,5,6- 

phenylmethane is formed. Unless adequate spectro- 
scopic checks are applied it is easy on t.1.c. plates to 
mistake methyl or ethyl triphenylmethyl ether, formed 
from adventious traces of methanol or ethanol, for 

- up1 

tetrabenzoate, which on benzoylation gave mannitol 
hexabenzoate, identical with the compound previously 
regarded by Dr. Zurr as a ketone. We have, therefore, 
repeated all the work recorded earlier on ketone acetals. 
These compounds are indeed converted smoothly into 

triphenylmethane. If all apparatus is flame-dried and 
the solvent carefully purified, these misleading im- 
purities can be avoided. With acetals from glycols 
containing a benzylic hydrogen atom it is mechanism B 
which operates, as previously reported. 
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All our other results, including the conversion of 
diosgenin into kryptogenin, are correct as reported 
except for the reactions with the glucose derivatives 
(XVII) and (XVIII). Here, again, the corresponding 
glycols were fornied slowly on reaction with triphenyl- 
methyl cation and there was, in fact, no dehydrogenation. 

+ 
CPh3 

f 

)=O + H0.CH2.CHR-OCPh3 
h h 3  

t i t  

t 

E X  PB Iill1 E NTAI, 

M.p.s were determined on a Kofler hot-stage apparatus. 
1.r. spectra were measured for solutions in chloroform 
unless otherwise stated. 3.m.r. spectra were measured for 
solutions in L3H] chloroform with te trainethylsilane as 
internal standard. All compounds had n.1ii.r. data in 
accord with the assigned structures. All solvents were 
purified and dried by standard techniques before use. 
Light petroleum refers to the fraction of b.p. 60-80" unless 
otlicrwise stated. 

CJi Zovodiphenyliizetl~ylia~i~i (I) HexacJ~1oronntinionate.- 
The cation (I) ,  prepared 1 from dichlorodiphenylmethane 
and antimony pentachloride, had m.p. 164-165" (clecomp.) 
[lit.,l 166-167" (decomp.)?. Similarly prepared dichloro- 
(pheny1)metliylium (11) hexachloroantinionate had m.p. 
150-153" (clecomp.) [lit.,l 152-153" (clecomp.)]. 

Geneva1 I'vocedure for  Reactions of the Cations (1)-(111) 
&iiitJL AIcoJ~ols (Table l).-The alcohol in dry solvent was 
treated with the cation (I), (11), or (111) (transferred from a 
glove box for weighing) in a dry glove box under dry argon. 
When tlic cation had dissolved and the mixture was homo- 
genous the solvent was evaporated off in vucuo and the 
residue dissolved in a small volume of dichloromethane. 
Thc mixture was separated by t.1.c. on silica gel (Merck 
GF 254) or alumina (grade 111). 

Reactions of Cholesterol.-(i) WitJh the cation (I) in aceto- 
nitrile. (:holesterol (300 mg) in acetonitrile (5 ml), treated 
wit11 tht:  cation (I) (950 mg), gave 3P-acetamidocholest-5-ene 
(Say/,), m.p. 239-241" (from methanol) (lit.,' 238-239"), 
1al,,23 --13.8' (c 0.92 in CHCl,) (lit.,' [aj, -41"), mixed m.p. 
2 3 6--2 3 8 ". -4u thentic 3P-acetamidocholes t-5-ene was made 

J. l i .  l'icrcc, C. W. Shoppce, and G. H. R. Summers, J .  
Clrem. SOC., 1955, 600. 

1'. I,. Julian, A. Magnani, E. W. Meyer, and W. Cole, J .  
Amcr. CJrcrn. SOC., 1948, 70, 1834. 

-1. \ \ ' indaus ,111~1 J.  .Idamla, B r i  , 1911, 44, 3051. 

by treatment of cholesteryl tosylate with liquid ammonia 
followed by acetylation (Ac,O-pyridine) of the resulting 
cholesterylamine. 

Cholesterol (500 
nig) in acetonitrile (10 ml), treated with the cation (11) 
(950 mg), gave 3P-acetamidocholest-5-ene (82y0), identical 
with an authentic sample. Similarly the cation (111) and 
cholesterol gave 3~-acetamidocholest-5-ene (84%). 

(iii) WitJz the cation (I) in filielzyl cyanide. Cholesterol 
(500 mg) in phenyl cyanide (2 ml) was treated with the 
cation (I) (775 mg) and the reaction mixture was chroniato- 
graphed on alumina. Elution with benzene gave 3p- 
benzamidocholest-5-ene (65%), m.p. 232-233" (from 
ethyl acetate) (lit.,9 236"), [aIDz2 -113.2" (c 1-1 in CHCl,), 
identical with an authentic sample made from cholesteryl- 
amine (with PhCOCl-pyridine) . 

Cho1este;ol 
(350 nig) in dichloromethane (10 nil) was treated with the 
cation (11) (455 mg) and the reaction residue was chromato- 
graphed on alumina. Elution with light petroleum gave 
3~-chlorocholest-5-ene lo (740,/,), 1ii.p. 03-94" (from ethanol) 
(lit.,lO 96"), -28-3" (c 0.5 in CHCl,), identical with an 
authentic sample.ll 

Reaction of 5a-CJzolestan-3P-oI with tJie Cation (11) in 
Acetonitvile.-Cholestan-3P-ol (215 mg) in acetonitrile 
( 5  ml) and dichloromethane (5 nil) was treated with the 
cation (11) (1-57 8). Work-up gave a mixture of 3a- and 
3fbacetaniidocholestane l2 (50%)  (1 : 1 by n.m.r.). Crystal- 
lisation from methanol gave 3P-acetamidocholestane, n1.p. 
240-242" (1it.,l2 243"), -+ 12.6" (c 0.8 in CHC1,) (1it.,l2 
[o(lD + 12"), mixed m.p. 242-244". Crystallisation of 
material from the mother liquors from methanol gave 
3a-acetamidocholestane, m.p. 210-212" (1it.,l2 m.p. 316'), 
[,Inz2 +34.6' (c 0.9 in CHC1,) (1it.,l2 [a], +33"), mixed 1ii.p. 
2 11-2 14". Authentic 3~-acetaniid.o-5a-cholestane was 
prepared. by lithium aluminium Iiydride reduction of 
cholestanone oxime followed by acetylation.l3 The 
authentic 3a-isomer was prepared by hydrogenation 
(Adams catalyst in acetic acid) of cholestanone oxinie 
followed by acetylation. la 

Reactions of ( f)-Bornan-2-endo-ol.-(i) With the cation 
(I) in acetotzitvile. (+)-Bornan-2-endo-ol (230 mg) in 
acetonitrile (5 ml), treated with the cation (I) (880 mg), 
gave N-(bornan-2-endo-yl)acetamide (IV; Rl  = H, I<' = 

SHAc) l3 ( T O % ) ,  m.p. 139--141" (from acetone) [lit.13 
for the (-)-isomer, 143"], mixed 1ii.p. with authentic 
(-J-)-amide, 136-139'; mixed m.p. with authentic ( - ) -  
amide, 120-135". Authentic samples were made from 
(&)-camphor oxime.13 

(ii) With tJze cation (111) i+z acetonitvile. ( &)-Bornan- 
2-endo-01 (150 nig), treated with the cation (111) (970 mg) in 
acetonitrile (5 nil), gave ( rf:)-.V-(bornan-2-endo-yl)acet- 
aiiiide (1V; R1 = H, K2 = XHAc) l3 (450,4,), n1.p. 137.5- 
140' (from acetone), identical with an authentic ~ainp1e.l~ 

(iii) With the cation (I) in t-butyl cyanide. Bornan-2- 
endo-ol (120 mg) was treated with the cation (I) (422 ing) 
in t-butyl cyanide (5 nil). Work-up by chromatography 
and sublimation (55" and 10-5 mmHg) gave (-J-)-N-(bornan- 
2-endo-yl)pivalnnzi~e (IV; I i l  = H, R2 = NH-COBut) 

(ii) Wztlz the cation (11) in acetonitrile. 

(iv) WztJz the cation (11) i?z dicJilovotnethane. 

l o  0. Diels arid E. ~lbderhalden, Ber. ,  1904, 3'9, 3092. 
11 E. M. Kosomer and S. Winstein, J .  Amer. Cleem. Soc., 1956, 

12 C. W. Shoppee, D. E. Evans, ti. C. Kichards, and G .  1 1 .  I<. 

l3 51. 0. Forster, J .  Clzctn. Sor., 1898, 386. 

78, 4384. 

Summers, J .  Ckem. SOG., 1956, 1649. 
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(55%) ,  n1.p. 60-63", vmx. (film) 3400 and 1650 cm-l, 
T 4.44br ( lH,  s), 6-1 ( lH,  m), 7.9-8-5 (7H, m), 8.80 (9H, 
s), 9.10 (3H, s), and 9.20 (6H, s) (Found: C, 75.8; H,  11.4; 
N, 5.7. C16H2,N0 requires C, 75.9; H, 11.5; N, 5.9%). 

Reaction of (+)-Bornan with the Cation (I) in Acetonitrile. 
-( +)-Bornan-2-endo-o1 (310 mg), treated with the cation 
(I) (1.26 g) in acetonitrile (5  ml), gave (&)-N-(bornan-2- 
endo-y1)acetamide (IV; R1 = H, R2 = NHAc) (70%), m.p. 
m.p. 138-140" (from acetone), identical with an authentic 
sample. l3 

Reactions of (-)-trans-p-Menthan-cis-3-oZ.-(i) W i t h  the 
cation (I) in acetonitrile. p-Methan-3-01 (156 mg) in 
acetonitrile (3 ml), treated with the cation (I) (950 mg), 
gave N-(trans-p-menthan-cis-3-yl)acetamide (87%), m.p. 
143-145" (from petroleum) (lit.,14 145"), [,IDa2 - 81.8" (c 
0.9 in CHC1,) (lit,,14 [o(lD - 81.7") ; mixed m.p. with authentic 
sample, l4 143-145". 

9-Menthan-3-01 
(300 mg) in acetonitrile (3 ml), treated with the cation (111) 
(1-39 g) ,  gave N-(p-menthan-3-yl)acetamide (42%), m.p. 
143-145" (from light petroleum), identical with an 
authentic sample.I4 

Reaction of (+)-Octan-2-oZ (V) with the Cation (I) in 
Acetonitrile.-( +)-Octan-2-01 { + 10.0" (c 4.0 in 
EtOH)} (300 mg) in acetonitrile (2 ml), treated with the 
cation (I) (1.6 g) ,  gave an oil (86%), b.p. 135"at 0.05 mmHg, 
[aID2, +3.23" (c 6.9 in CHCl,), vmx, 3300 and 1645 cm-l, 
T 4.40br (lH),  6605br (lH, m), 8.02 and 8.03 (3H, two s), 
84-8.8br (lOH, s), 8-88 (3H, d), and 9.08 (3H, m). The 
product mixture (340 mg) was treated with potassium 
hydroxide (600 mg) in ethylene glycol (1 ml) a t  180" for 
48 h, then poured into water (20 ml) and extracted with 
light petroleum. The extract was dried (Na2S04) and 
evaporated to give an oil (280 mg). A portion (120 mg), 
with 3,5-dinitrobenzoyl chloride (240 mg) in pyridine (1 ml) 
for 2 h a t  room temperature, gave N-l-methylheptyl-3,5- 
dinitrobenzamide (40%), m.p. 139-141" (from dichloro- 
methane-light petroleum), [a],24 - 19.0" (c 2.0 in CHCl,), 
mixed m.p. with the authentic (-)-benzamide, 140-142". 

The above experiment was repeated with (+)-octan-2-01 
(300 mg) and the cation (I) (1.8 g) in acetonitrile (3 ml). 
The mixture was heated to 50" for 10 min, then left at 
room temperature for 20 h. The N-( l-methylheptyl)-3,5- 
dinitrobenzamide was identical (m.p., mixed m.p., and 
[a],) with that previously obtained. 

Authentic ( - )-N-( 1-methylheptyl) -3,5-dinitrobenzamide 
was prepared from (+)-octan-2-01 via the tosylate and azide. 
The intermediate ( -)- l-methylheptylamine l5 had b.p. 
165" a t  760 mmHg, [a]D25 -6.2" (c 4.8 in C6H6) {1it.,l1 [a], 
-3-70"; values for (+)-isomer are +4-19" and +6-3°}.16717 
The amine was treated with 3,bdinitrobenzoyl chloride to 
yield the amide, m.p. 142-142.5" (from dichloromethane- 
petroleum), [a]D26 -25.1" (c 1.1 in CHCl,), vmx. 3450, 1675, 
1530, and 1345 cm-l, z 0.81 ( lH,  m), 0.94 (2H, m), 340br 
(lH),  5-80 (lH, m), 8.68 and 8-70 (13H, broad s with over- 
lapping d), and 9-14 (3H, m) (Found: C, 55.7; H, 6.4; 
N, 12.8. C15H21N,05 requires C, 55-7; H, 6-7; N, 13-oy0). 

Rsactions of Decan-l-oZ.-(i) W i t h  the cation (I) in aceto- 
nitrile. Decan-1-01 (149 mg) in acetonitrile (2 ml) was 
treated with the cation (I) (1.83 g). The mixture was 

(ii) With  the cation (111) in acetonitrile. 

l4 J. Read, A. M. R. Cook, and M. I. Shannon, J .  Chent. Soc., 

l5 A. Streitweiser and W. D. Schaeffer, J .  A m e v .  Chem. SOC., 

l6 P. A. Levine and A. Rothen, J. Biol. Chem., 1936, 115, 415. 

1926, 2223. 

1966, 8, 5597. 

warmed to 40" until all the reagent had dissolved. Work- 
up gave N-decylacetamide (50%), m.p. 39-41' (from light 
petroleum), mixed m.p. with authentic material 37.5- 
39.5". 

(ii) W i t h  the cation (11) in acetonitrile. Decan-1-01 (150 
mg) in acetonitrile (5  ml), treated with the cation (11) 
(1-7 g), gave N-decylacetamide (113 mg, 60%), m.p. 39- 
41" (from light petroleum). 

(iii) W i t h  the cation (111) in acetonitrile. Decan-1-01 
(155 mg) in acetonitrile (3 ml), treated with the cation (111) 
(700 mg), was unchanged (t.1.c.) after work-up. 

N-Decylacetanzide, prepared from decyl bromide by treat- 
ment with phthalimide and acetylation of the resultant 
amine, had m.p. 38-40" (from light petroleum), 7 4.lbr 
( lH),  6-8 (2H, m), 8-03 (3H, s), 8.75br (16H, s), and 9.15 
(3H, m) (Found: C, 72.2; H, 12.4; N, 7.0. C12H2,N0 
requires C, 72.3; H, 12.6; N, 7.0y0). 

Reaction of (+)-Butan-2-ol with the Cation (I) in Phenyl 
Cyanide.-( +)-Butan-2-01 (150 mg) (82% optically pure) in 
phenyl cyanide (500 mg) and chloroform (2 ml), treated with 
the cation (I) ( 1.1 g), gave racemic N- l-methylpropylbenz- 
amide (30%), m.p. 83-84' (from light petroleum) (1it.,l8 

Reaction of 3P-Methylcholestan-3cc-ol with the Cation (I) in 
A cetonitriZe.-3~-Methylcholestan-3cc-ol l9 (100 mg) in aceto- 
nitrile (2 ml) and chloroform (3 ml) was treated with the 
cation (I) (500 mg) to  give 3a-chloro-3~-methylcholestane 
(80%), contaminated with some olefin. Crystallisation 
from acetone gave pure material, m.p. 148-154", mixed 
m.p. with an authentic sample l9 152-157". 

Reaction of 3a-MethylchoZestan-3P-oZ with the Cation (I) in 
AcetonitriZe.-3cc-Methylcholestan-3~-ol (98 mg) in aceto- 
nitrile (2 ml) and chloroform (3 ml) was treated with the 
cation (I) (600 mg) to give 3a-chloro-3~-methylcholestane 

Reactions of (j-)-Bornan-2-endo-oZ with the Cation (I) in 
t-Butyl Cyanide and Acetonitrile.-( j-) -Bornan-2-endo-o1( 150 
mg) in t-butyl cyanide (2 ml) was treated with the cation (I) 
(800 mg) . A sample (1 ml) of the mixture was worked up 
to give the amide (IV; R1 = H, R2 = NH*COBut) (50 mg). 
The remaining mixture was treated with acetonitrile (2 ml) 
and worked up to give the amides (IV; R1 = H, R2 = 
NHAc) (70 mg) and (IV; R1= H, R2 = NH*COBut) 

( f )-Bornan-2-endo-ol (175 nig) in acetonitrile (1.5 ml) 
was treated with the cation (I) (824 mg). A sample 
(0.6 ml) of the mixture was worked up to give the amide 
(IV; R1 = H, R2 = NHAc) (ca. 30 mg). The remaining 
mixture was treated with t-butyl cyanide (5  ml) to give, 
after work-up, the amides (IV; R1 = H, R2 = NH*COBut) 
(90 mg) and (IV; R1= H,  R2 = NHAc) (30 mg). 

Reactions of (j-)-Bornan-2-endo-oZ with the Cation (I) in 
A cetonitrile and [2H,]A cetonitriZe.-( *) -Bornan-2-endo-o1 
(175 mg) in acetonitrile (1 ml) was treated with the cation 
(I) (804 mg). A sample (0.5 ml) was worked up to give the 
amide (IV; R1 = H, R2 = NHAc) (50 mg). The remain- 
ing mixture was treated with [2H,]acetonitrile (0.5 ml) . 
Work-up gave the amides (IV; R1 = H, R2 = NHAc) and 
(IV; R1 = H, R2 = NHCOCD,) which mass spectrometry 

84-85'). 

(80%). 

(20 mg) * 

l7 R. J.  Dearborn and J. A. Stekol, U.S.P., 2,628,267 (Chenz. 
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showed to contain 20--240/, (IV; R1 = H, R2 = 
XH-COCD,). 

(-j-)-Bornan-2-endo-ol (180 mg) in [2HH,]acetonitrile (1 ml) 
was treated with the cation (I) (804 mg). A sample (0.7 ml) 
was worked ~p to give the amide (IV; R1 = H, R2 = 
NHCOCD,) ( 108 mg), Mi 19s (C,,H,,D,SO). The remain- 
ing mixture was treated with acetonitrile (2 ml). Work- 
up gave the amides (IV; R1 = H, R2 = NHAc) and (IV; 
R1 = H, R2 = NHCOCD,), 5 8.01 (2.2HJ s,  Ac), indicating 
ca. 75% (IV; R1 = H, R2 = NHAc) and 25% (IV; R1 = 

Reaction of Decan-l-ol with the Cation (I) in Acetonitrile 
and [2H,]Acetonitrile.-Decan-I-ol (105 nig) in [2H,]aceto- 
nitrile (0-5 ml) and chloroform (1-0 nil) was treated with the 
cation (I) (1.1 g) at 50" for 10 min. A sample (0.75 ml) was 
worked up to give N-de~yl[~H,]acetamide (15 mg) , &I+ 202 
(C,,H,,D,NO) . The n.m.r. spectrum contained no N-acetyl 
signal. 

To the remaining mixture was added acetonitrile ( 1  ml) 
and the mixture was warmed to 50" for 10 min. Work-up 
gave N-decylacetamide (28 mg), M+ 199 and 202 in the 
ratio 1 : 1, 7 8.03 (1-5H), indicating 50% exchange. 

Reaction of (+)-Octan-2-ol (TT) with the Cation (I) in 
A cetonitvile and [2H,]Acetonitrile.-( f)-Octan-2-01 (V) (200 
mg) in [2H,<acetonitrile (0.6 ml) and chloroform (1.0 ml) 
was treated with the cation (I) (2.08 g) a t  80" for 5 min. 
A sample (1.0 ml) was worked up to give the acetamide 
(VI) (70 mg), whose n.m.r. spectrum contained no acetyl 
methyl signal; Mt 174 (CloH18D,NO). To the remaining 
mixture was added acetonitrile (3.0 ml), and the mixture 
was kept a t  room temperature for 30 min. Work-up gave 
the acetamide (VI) (140 mg), whose n.m.r. spectrum 
exhibited a small signal a t  T 8.03 (Ac) corresponding to 
less than 10% nitrile exchange; &If 171 and 174 in a ratio 
indicating less than 3% nitrile exchange. 

Reaction of ( *)-Butan-2-ol with Acetonitrile and [2H3]- 
Acetonitrile.-( &-)-Butan-S-ol (2 10 mg) in [2H,]acetonitrile 
(0.5 ml) and chloroform (1.5 ml) was treated with the 
cation (I) (1.58 g). After 5 rnin a sample (1.0 ml) was 
withdrawn and worked up to give N-( l-methylpropy1)- 
[2H,]acetamide (70 mg) as an oilJ20 5 3.4br (lH), 6.2 ( lH ,  
in), 8.6 (2H, q), 8.9 (3H, d), and 9.1 (3H, t), M+ 118 
(C,Hl,D,NO). To the remaining mixture was added 
acetonitrile (1.0 ml). Work-up gave N-( l-methylpropy1)- 
acetamide (140 mg), n.1n.r. and mass spectrometry in- 
dicating 350/0 exchange. 

N-(trans-p-Menthan-cis-3-yZ)thioacetamide (X) .-( -)- 
2rauts-p-Menthan-cis-2-01 (310 mg) in acetonitrile (2 ml) was 
treated with the cation (I). After 5 min dimethylthio- 
formamide (1 ml) was added. Work-up gave the thio- 
amide (X) (33%), m.p. 121-121.5" (from light petroleum), 
[a],21 - 110.4 (c 0-97 in CHCl,), vmX. (CHC1,) 3420, 1390, and 
1100 cm-l (Found: C, 67.5; H, 10.6; N, 6.5. Cl,H2,NS 
requires C, 67.6; H, 10.9; N, 6.6%). 

The thioamide (X) was also prepared from N-methyl- 
acetamide (47 mg) in benzene (2 ml) by treatment with 
phosphorus pentasulphide (30 mg) . 

H, R2 = NHCOCD,). 

3o E. H. White, J .  Amer. Chem. SOC., 1965, '97, 6008. 
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(-)- l-(trans-p-i~~eutthan-cis-3-yl)-5-nzet~~yltetrazole (XI) .- 
( -)-trans-p-Menthan-cis-3-ol (130 mg) in acetonitrile (2 ml) 
was treated with the cation (I) (960 mg). After 5 rnin a 
solution of tetra-n-butylammonium azide (1.0 g) in chloro- 
form (8.0 mg) was added. Work-up followed by chromato- 
graphy on alumina gave the tetrazole (XI) (50y0), m.p. 
77-79" (from light petroleum), -56.8" (c 0.86 in 
CHCl,), v,~,, (CHC1,) 1295, 1320, and 1370 cm-l (Found: C, 
64.9; H, 10.1; N, 25.0. C12H,,N, requires C, 64.9; H,  
10.0; N, 25.276). 

(XI  I) . - ( f. ) -Bor- 
nan-2-endo-01 (165 mg) in acetonitrile (2 ml) was treated 
with the cation (I) (950 mg). After 2 min tetra-n-butyl- 
ammonium azide (ca. 800 mg) in chloroform (2 ml) was 
added. Work-up gave the tetrazole (XII) (70y0), m.p. 
81-82" (from light petroleum) (lit. ,21 81-5-83-5), mixed 
m.p. with an authentic sample 80-82", v,, 1302, 1320, 
1360, 1395, and 1408 cm-l, z 3.80 ( lH ,  dd), 7.0-8.7 (7H, 
m), 7-48 (3H, s ) ,  8.80 (3H, s ) ,  9.10 (3H, s ) ,  and 9.40 (3K, s) 
(Found: C, 65.2; H, 9.1; lu', 25.4. Calc. for C,,H,,N,: 
C, 65.4; H, 9-2; N, 25.4%). 

l-(ChoZest-5-en-3~-yl)-5-methyltetrazole (XIII) .-Chol- 
esterol (400 mg) in acetonitrile (2 ml) was treated with the 
cation (I) (1.2 g). After 2 min tetra-n-butylammonium 
azide (1.4 g) in chloroform (5 ml) was added. Work-up 
gave the tetrazole (XIII) (50y0), m.p. 196-198" (from 
methanol), -18.1" (c 0.95 in CHCl,), vmaX. 1290 and 
1315 cm-l (Found: C, 76.9; H,  10.4; N, 12.3. C29H48N4 
requires C, 76.9; H, 10.7; N, 12-47;). 

N2- (ChoZest-5-en-3P-yl) -WN1-diethylacetanaidine (XIV) .- 
Cholesterol (305 mg) in acetonitrile (2 ml) was treated with 
the cation (I) (850 mg). After 2 rnin diethylamine (1 ml) 
was added. The mixture was diluted with dichloromethane, 
washed with aqueous 5% potassium hydroxide and satur- 
ated aqueous sodium chloride, and dried (Na2S04) . Evapor- 
ation and chromatography of the residue gave the avnidine 
(XIV) (73y0), m.p. 132-133" (from methanol), [aID2l -2.7 
(c 1-04 in CHCl,), vmx. 1603 cm-l (Found: C, 81.9; H, 11-9; 
X, 5.6. C,,HZ8N2 requires C, 82.1; H, 12.1; N, 5.8%). 

Ethyl hy-( ChoZest-5-en-3P-y2)acetzmzdate (XV) .-Cholesterol 
(340 mg) in acetonitrile (2 ml) was treated with the cation 
(I) (920 mg). The mixture was treated with ethanol (2 ml) 
and worked up to give the imidate (XV) (75y0), m.p. 
140-141" (from ethanol), [a],,24 -15.8" (c 1.26 in CHCl,), 
v,, 1665 cm-l (Found: C, 81.7; H, 11-6; N, 2.9. 
C31H33h-O requires C, 8 1.7 ; H, 11.7 ; N, 3-1 yo). 

Reaction of 2,2-Divnethyl-4-phenyl- 1,3-dioxolan with Tri- 
Phenylmethyl Cation.-The dioxolan (178 mg) in dry 
dichloromethane (5 ml) was treated with triphenylmethyl 
tetrafluoroborate (2 equiv.) for 5 h. Work-up gave tri- 
phenylmethane (147 mg), triphenylmethanol (288 mg) , and 
phenacyl alcohol (85 mg), m.p. 84-85' (lit.,22 85-5-86"). 

1 - (B  ornan- 2 - endo-y I )  - 5-methy ltetrazole 
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