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Abdmd-The acylation of unreactive alcohols with acid anhydrides is g~Uy facilitated by the addition of a 
catalytic (0.0241 cquivaknt) amount of a 4dkltylaminopyridinc. The reaction is faster in nonpolar than in polar 
solvents and acetyl chloride is not as effective as acetic anhydride. Several pyridim, pyridazk. and quinolinc 
derivatives have bee0 examined as potential acylation catalysts. Of the systems examined, only a few of the 
4-substituted pyridks were found to be acylation catalysts, the most effcetive being +pyndidinapyridinc 4 and 
1.lJJ-tetramcthyl~4-pyridyl~~ 8. The reaction of t-butanol with an isacyanate is also accckrated by the 
presence of 4 but not as much as in the case of acylations. The cause of UK pronounced effect of these pyridinc 
speck in catalyzing acylation reactions seems to be a combination of the increase d donor ability of the 
4-substitucnt and the stabilizing effect that this substitueot has on an acyl pyridinium intexmediatc. 

The use of pyridine and an acid anhydride or acid halide 
for the acylation of alcohols has been known for many 
years. An N-acyl pyridinium specks, 5st suggested by 
Doering and McEwen, is thought to be the reactive 
intern&a& in these reactions.’ 

Although the acylation of primary and secondary al- 
cohols usually presents few problems, hindered akohols 
are often quite resistant to acylation. Several methods 
have been developed for the acylation of tertiary alce 
hols. These inckde acid catalyzed acyktions,’ the use of 
acetyl chloride in the presence of bases as HCI 
scavengers,’ alcohol with acid chloride~,~ the ut&atkn 
of mixed atd~ydrides,~ and of other reagents.’ 

Steglich and Hofle‘ found that the addition of 4 
dimethylaminopyridine 3 greatly faciliatated acylation of 
hindered alcohols with carboxylic acid anhydrides. 
Aminopyridine 3 has been reported to give a stable 
N-1butoxycarbonyl derivative which was used to 
protect amino acids? But the most useful aspect of this 
reagent in acylations is that its action is catalytic.’ Thus 
although I-methyl-cyclohexanol 1 was not acetylated by 
acetic anhydride and pyridine or triethylamine, the ad- 
dition of cu. 0.05 molar equivalent Qdimethylamino- 
pyridine 3 to a mixture of 1-methylcyclohexanol 1 and 
acetic anhydride led to the formation of l-methykyclo- 
hexyl acetate 2 in 8696 isolated yield. 
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Although this appears to be a generally useful acylation 
metk~J’~ the reasons for the very pronounced catalytic 
effect of 3 and the structural requirements for such a 
catalyst were not investigated. 

We had originaUy conceived the possibility that 2- 
aminopyridines may act as catalysts in the hydrolysis of 
ethers according to the following scheme (the reverse of 
the acylation process): 

N-R - N-R + ROH 

R )A Od 

This did not materialize but in the course of these 
studies” we investigated a variety of aminopyridines as 
acylation catalysts for tertiary alcohols. We are reporting 
here our results bearing on the sttuctural features of 
substituted pyridines that are required in their action as 
acylation catalysts. 
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The 6rst acylation catalysts studied were Qpyr- 
rolidinopyridine 4,4dimethylaminopyridine 3, rCpiperi- 
dinopy+ne 5, and +norpholinopyridine 6. They were 
;E$ m 50+% yield by the method of Jerchel and 

that tnvolves heating 4pyridylpyridinium 
chloride hydrochloride with phenol, followed by heating 
with the appropriate secondary amine. An alternative 
pathway was heating of 4-chloropyridine hydrochloride 
withanamine. 

The 4substituted pyrkbnes, 8, and 9, were prepared 
from the reaction 4-aminopytidine with tetramethyl- 
thiourea or dimethylformamide. 

To determ& the relative efeciencks of these 4dialkyl- ’ 
aminopyridka in catalyzing the acylatkn of hi&red 
alcohols, the acetylatioo of l,ldiphenylethanol 13 to 11 
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with 2 molar equi*m of acetic ~y~de and 
trietbylamine in tbe presence of O.t molar equivaknts of 
the catalyst was auowed to proceed to partial 
comptttion. After qucttcbing and washing, the ratio of 
acetate 11 to alcohol 10 was determined directly from tbe 
NMR spe&Nm of the mixture. Abernatively, the 
acetyktion of ~-metbyicyc~~~ol 1 under t&&r 
conditions was followed by GC analysis. In tbe~ ahsencc 
of the catalyst, neither 18 nor 1 was acylated to au 
obaervahle (z-546) extent, even after severat days reac- 
tion time. 

Tbe relative effectiveness of the &amino suhstituent in 
catalyzing the esterification of alcohols with acetic an- 
hydride is indicated in Table 1. Tbe most effective cata- 
lyst was ~~o~~p~ 4. 

The chemical shifts of the &protous of the pyridine 
ring in the ~~in~~ studkd are also in&&d in 
Tabfe I. 

Neither 4-pyrroiiditmquinoline 12 nor tbe imidazok 17 
was Found to have any cam&tic effect in the attempted 
acetyktions of hit&red akohok. Also ineifective wert 
tbe oxygen 13. phosphorous 14, and sulfur 15 substituted 
pyridines and 4~ia~~i~ 15 itself. 
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Sily lacking any ctiytic t&et in the attempted 
8cetylations of him’lcnd afcohais wtn! 4-p~~ 
rtdidbpyridazim lg, 3-pytroISinopyridine 19, and the 
2-substituted pyridines 3#L23 

A quamitative comparisou of tbe rtlative effects of 

20: x: 4-J 
21: X: --NHs 

22: x: -N==d” 
’ N (CH& 

29: X: -N==-C[NfCH&), 

~p~~~ 4 and pyridine it&f in candyzing 
the acylation of an akohol is diflicult since the diitrence 
is very large and a kinetic study was not undertaken. 
Russian wo*emO have estimated from kinetic data that 
~~y~rn~~d~ 3 is cu. lo* times as effective as 
pyridine in catalyzing tbe benzoylation of m- 

With pyridine itself, no acetyktion of either I-metbyE 
cyckbexano~ t or l*~~p~nyj~~ 18 was observed. 

cbloroan8iue~ 

In cases where the use of pyrid& does kad to acetyl- 
ation, as with a secondary alcohol, tbe use of 4-pyr- 
~~~~6 results iu a very rapid reaction, usually 
compkte within a few seconds. Thus tbe reaction of &A 
24 with excess w&c anhydride and pyridine or t&thy!- 
amine wart complete in cc. 2 b, as dettrmined by GC 
analysis. only the secondary hydroxyl group was 
acetylated, No further reaction was observed, even after 
one week, However, when cu. 0.1 molar equivalent of 
4-pyrrolidinopyridine 1 was added to a solution of diil 
34, txccss acetic dye and ~~~y~~~ ttre solu- 
tion became warm. Immediite injection of an aliquot into 
the GC showed complete absence of starting diol with 
Clint formation of monoacetate 25. After 24b, 
menoacetatc 25 was comptetely consumed and a 94% 
yield of diietate 24 was isolated. 

24 25 



Amioopy&lincs 8s acyktion catalyst.9 for tertkry alcohols 

Tabk 1. JSctive acyktion catalysts in acctylath of 10 
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Relative Chemical shift 
effect of B-hydrogen8 in 3-g 

4-substituent 
on pyridine 
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The acctylation of sevual other hindered alcohols 
27-29 with acetic anhydride and a catalytic amount of 
4-pyrrolidinopyridine was found to proceed smoothly at 
room temperature. These results are shown in Table 2. 

Fkthermon, we found the aminopyridine 4 to bc 
effective in speeding up about fourfold the reaction of 
r-butanol with phenylisocyanate. 

Ph-N=C=O + t-BuOH A Ph!-C-O-t-Bu 

r, 
A 4-aminosubstituent has been shown” to augment the 

basicity of the pyridine system. Thus the pK, of pyridine 

Table 2 Acctyhion of tcrthry alcohols’ 

ROH Reaction time Yield of acetate 

24h 

609b” 
32 

‘Comiitioas: aeat reaction, 2 cqaivaknta each of acetic anhydride anrl trkthykmiae. 
0.01 cquivaknt of 4-pyrrolidinopy and akohd at room tan-. ‘Yield of 
purilkd acctatc. ‘Yield estimated from tJx NMR am was not stable to 
attclnptcd plui5caticll. 

TElMVOLYNOI4-H 
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is 5.21,” While that of 4dimethyLaminopyridine is 9.71. 
Khtzky” has demonstrated from oxidation and allryl- 
ation studies that the pyridine ring nitrogen is the basic 
center of 4dimethylaminopyridine 3. However, the 
poWhI catalytic acylation effect of the compounds in 
Table 1 is not simply a reflection of their base strength 
since the p% of triethylamine, which demonstrated no 
catalytic effect i;l these acylations, is 10.7.” Probably the 
stability of an acylpyridinium intermediate such as 34 
plays an important role. 

The catalytic activity of the series pyrrolidino I> 
dimethylammo 3> piperidino S> morpholinopyridine 6 
follows tbe same order as the reactivity of enamines of 
the respective amines toward ekctrophilk reagents. The 
enamine reactivity order toward ekctrophiles has been 
explained” as a combination of steric and ekctronic 
effects. The electron density at the &carbon of an 
enamine increases with the p-a overlap of the m 
lone pair electrons with the double bond. Hence, the 
chemical shift of the olelhric proton of an enan& also 
reftects the electron density at the &zarbon, and thus the 
reactivity of the enamine in a given series. 

Siacesimilarp-aoverlaphpossiMeiothe4diPlkyl- 

amiaopyridims bee nsonance form 33). we measured 
the chemical shifts of the &hydrogens (of the pyridine 
ring) in the 4dialkylaminopySnes (Table 1) and found 
that the greatest shkMing occurs in the most effective 
acyfation catalyst, 4-pyrrofidinopyridine 4 (S 6.38). The 
order of effectiveness correlates qualitatively with the 
chemical shift of the fi-protons for the structurally 
related4>3r7>5>6. 

R R w 
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close in the NMR (6 6.48) to those of the pyrrolidine 
compound 4 (8 6.38). 

The cause for the lack of catalytic activity of the 
Zsubstituted pyridines S-23 in the acetylation of pri- 
mary (2+henylethanol), secondary (diol24) or tertiary 1 
alcohols is a result of steric hindrance.‘9 

In spite of the fact that quinoGrm intermediates are 
known” to be more stable than conesponding 
pyridinium intermediates, 4pynolid.iWquinoline I2 
completely tacked catalytic activity in the attempted 
acetylation of 10 or 1. Since the &hydrogen of 12 
resonates at quite high (8 6.43, vs 8 7.29 for quinoline 
itself), the reason for tack of catalytic activity of l2 is 
probatbly also steric in origin.lpL 

The 0-n that the imidaxok substituted pyri- 
dine 17 did not act as an acylation catalyst is not too 
surprising since imidaxok is not strongly basic and dis- 
ruption of aromatic&y would occur in the formation of 
intermediate 37. The tack of activity of the imidaxole 
derivative 17 (B-protons at 8 7.49) helps rule out the 
relative contribution of what is more likely the second 
step of this procedure, namely attack by alcohol on the 
acylium species, restoring the aromatic character to the 
pyridine and in this case also to the imidazole ring. Thus 
if step 3l+17 were rate determining, 17 could have 
been a very effective catalyst. 

ThedatainTablelsuggestthatthecatalyticeffectof 
tbe 4dialkyl-aminopyridmes is due to a combiin of 
the donor ability of the amine substituent and the stabil- 
ity of an acyl pyridin& specks 34. In acetylation 
reactions of l,ldip~nylethanol1O or l-methylcyclohex- 
andl,theguanidine)wasfouadtobeco.9046aseffective 
a catalyst as 4pymMnopyridine 4 in spite of the fact that 
tetramethy@anid& is a much stronger base (PK. 13.9)” 
than pyrrolidine (pL 11.27). In this case, however, there is 
practically no change in the hybridization of the nitrogen at 
C4durinetbefotmationofJfromSwhichmayexplain 
the lower effectiveness of this catalyst. 

ROH CHsC0.R' + . 
O< -0Ac 

CHS 

37 n 

Surprisi@y, the 25dimethy1 pyrroline compound 7 The oxygen 13, phosphorous 14, and sulfur 15 substi- 

was found to be co. 50% as effective an acylation cata- tuted pyridbu~ do not provide 8ulIicient overlap to 
lystas4,inspiteoftheexpectedunfavorabksteric stab&z ati acyl pyr&ium intamed&. The same must 
intera&XUandthemaeasedringstraininthe5- betruefortbepyridatineM@K.pyridazinekonlY23). 
membered ring of 36. In this case the @-hydrogens are Since4pyrrolidinopyridine4wasdetermmedtobe 

+NMe, 

N Jk NMe, 
I. 

36 
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the most effective acyktion catalyst of those prepared in 
this study, several other aspects of the acetylatkn reac- 
tioa with this catalyst were examined. Acetylation was 
found to be faster in kss polar sokents. For instance, 
the acetytion of 1,ldiphenylethanol 10 with two 
equivalents each of acetic anhydride and trkthylamine in 
ether or methylene chloride (0.1 M in alcohol) was ca 
3096 complete after 24 h at room temperature. In carbon 
tetrachkride or hexane under identical conditions, the 
reaction proceeded to 7596 completion. No acetytion of 
this unreactive akohol10 was observed in acetonitrile, 
nitromethane, or DMF.aD The best reaction conditions 
seemed to be a neat reaction (ca. 1.6 M in alcohol). This 
led to 9246 acetylation after 24 h. 

TIM reactivity of the +aminopyridine depends on the 
stabilk&n of intermediate 34 and is sensitive to steric 
effects (no reaction occurs in the presence of 2-s&& 
tuents). The bene6cial effect of non-polar solvents is 
explained by the collapse of the charged intermediate 38 
to non-charged prlXJncts.= WhikspeckssuchasWare 
much more e5cient akohol acylating agents than acid 
anhydrides, intermediates 39 or 40. as may be formed in 
the reaction with isocyanates, are not much more 
effective toward alcohols than isocyanates. 

Tabk 3. Reaction of acetic anhydride witb t- 
butanol in the presence of 0.2 quivakats of 4 io 

CDClJ-CCl4 

In presence of WtiOUt 
Tim 1 cquiv. EtN Em 

4omin 36% 
15h 10096 2 
10 days 9096 

‘96 formation of t-butyl acetate as followed by 
NhfB. 

The effect of added base was also examined. With 
l,ldiphenylethanol 10, acetylation proce&d equally 
rapidly with added excess of triethyhimine, diisopropy- 
lethylamine, or pyridine. Without any added base, 
acetyktion was slower especially toward the completion 
of reaction (see Tabk 3). This is probably due to the 
catalyst 4 being partially (though not completely) tkd up 
by the acetic acid formed in the reaction. 

Acetyl chloride was not as effective as acetic anhy- 
dride in the catalyzed acetyktion reactions. Only partial 
acetyktion of I-methyLcyclohexano1 1 with acetyl 
chloride alone or in the presence of 4pyrrolidinopyridine 
4 (co. 0.05 molar equivalent) was found. The strongly 
basic 4pyrrolidinopyridine 4 probably dehydre 
halo&Slates acetyl chloride to form ketene (which par- 
tially dime&es) and the inactive hydrochloride salt of the 
catalyst. 

The usefulness of the acylation catalyst is demon- 
strated by the acetyktion of 10,55,27-29. In particular, 
1,ldiphenylethanol 10 easily dehydrates with acylating 
agents and 29 undergoes mment reactions under 
various other attempts of acetyktion.‘Z’ 

The overall results are consistent with the scheme 
shown below: 
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Mps were determined on a F’tsher-Johns block and arc uncor- 
rected. fR spectra were obtained of liquid hlms or carbon tctra- 
chloride solutions as noted on a Perkin-EJmer 457 instrument. 
NMR spectra were recor&d on a Variaa MBA or EM-360 
spectrometer witb TMS as aa internal staodard. GC data wcrc 
recorded on a Varian Acrograph A!WP3 instrument witb tbarmal 
coadudivity detector. 

Pmpamtioa of potential catalysts (M&o& A and B) 
Tk 4dialkykmioopyridinas 3,4. S pnd 6 were praparcd from 

4-pyridytpyridhium &bride bydrochlorid~~ by the metbod of 
Jcrcbal and Mob” (Method A) or from 4-chloropyridiae bydru- 
chloridep (Method B) and have the same physical constants as 
pretiusly rqortad.lm 

R, +P 
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l&3,3 - Tehnwthyl - 4 - (4 - pytidyl)gf&dht 8. To a sthred 
solutioo of 2.8 g (21.2 mmol) of tetramethyltbiourea in 25 ml of 
anhydrousbenzeoewasaddeddropwiseasdutiooof1.94ml 
(3.26 g. 21.2 mmol) of PO& in 10 ml of anhydrous bellz8ne. The 
mixture was stirred for 45min. then 2.01 (21.2mmol) of c 
aminopyridineaddedatoncc.TbeorangeoilwaswaablXlwith 
mmlofbenzenc,thco~OofethPndwrsPddedtothc~ 
oiloadthe~~~re~edforlSmin.Tbcethpaolw~ 
removed~wcwo,aad4omlofmerhyknechlorideaddedtotbe 
residue. This mixture was stirred and a 20% NaOH mlutioo was 
addeddfOpWi8ClUltildmrtcrialarleiD8OtiU.TbCO~ 

phascwaaacqEacdalldtbcaq~osphaseextractcdagninwiul 
methyknc chloride. The organic exmct3 wae dried over &coj 

ad the aolveot removed In wcuo to rdord 4.1 g of a yellow oil. 
DistiU#.ioo afIorded 2.73 g (67%) of 8. b.p. !&lOV (0.07 mm); 
NMR (CDCl3 8 8.32 (m. 2H). 6.55 (m, 2H) pad 2.77 (8, 12H); MS 
m/r (%) M+ 192 (40.0). 177 (13.3). 148 (MO), 134 (36.6). 132 (36.6). 
Ana/. Cakd for C,&N,: C, 6250; Ii, 8.33. Found: C. 62.15: If, 
8.52%. 

1.1 - LXmethyl - 3 - (4 - pytidyl)formamidiae 9. To a stirred 
sdutioo of 3.28ml (3.1 g, 424mmol) of DMF in 25 ml of an- 
hydrous bcazca was added drop* a sob&o of VJ4ml 
(3.25 & 21.2 mmol) of POCI, in 10 ml of anhydrous bell?zoe. The 
mixture was stirred for 45 min, tbeo 200 (21.2mmol) of C 
aminopyridiac added at once. The mixture was r&xed for 2 h, 
andworkcdupa8deacribedfor8toproduce20gofaycUowoil. 
Di&iUa& afforded 1.7 g (54%) of 9. b.p. 80-85” (0.07 mm) (lit.” 
w (0.05 mm)); NMR (tXX&) 8 8.42 (m, W), 7.62 (I, lH), 6.87 
(m, W) and 3.02 (s. 6H): MS m/r (%) M+ 149 (100). 148 (aO.0). 

2$-~d~yl-N-(4-py~yl)-3-py~liru7arospreppnd 
by Method B. Bulb to bulb diati8atioo (oven lw, 0.1 mm) 
adtorded a 21% yield of 7, NMR (CD&) 8 8.22 (m, 2H). 6.48 (m, 
W), 5.87 (s,2H), 4.52 (q, J = 6 Hz. W) aml I.37 (d, I= 6 Hz, 6H). 

+PywoUdiaoquindine 12 ~85 prepared from 4-chloroqubmlinc 
hydrochloride~ and pyrrolidinc by a reactioo analogous to that 
of Method B. Bulb to bulb dittiUatioo (oveo MU’, 0.02 mm) of tbc 
crudeproductfromthisreactioolordedan85%ykklofl2,~ 
NMR (CD&) d8J3 (d, J = 6 Hz, lH), 8.12 (m. w). 7.45 (m, w), 
6.43 (d, J = 6 Hz., lH), 3.63 (m, 4H) and 20 (m, 4H). 

N+Pytfdyl)iwidaz& 17 was prepemd by Method A. 
ReuysUizatioo from hexaoeacetone lorded a 21% yield of 
17, q .p. 113~114.f (Iitm 115-1163; NMR (CDCIJ 8 8.77 (m. 
W). 8.08 (a, 1H) and 7.48 (m, 4H). 

/Phawxypytfdinc l3. A mixture of 10.0 g (43.7 mmol) of 4- 
bvridvlonidinium Chloride hYdmchblide ad 4.1 g (43.7 mmol) 
ii t&&i was heated for I b-at 11(p. Work-up as’& Metbod A 
a&rded 6.0 g (80%) of l3, NMR (0 8 835 (m. w). 7.2 (m. 
JH) and 6.70 (WI q .o. w* (lit.‘* 4c45?. 

Dipbalyi_(r‘-pyidyljphosphii 14. A mixture of 0.319 
(45 mmd) of clean lithium wire amf 3.93g (15 mmol) of 
tripbenylphosphine was stimd under N2 in 25 ml of anhy&ous 
THFfor4h.“Tbedeepredsolutioowasthenrdded~p~to 
a stimd mixtme Of- 2.01 (13.3nUIlOl) Of +chlorO-$dilE 
bvdmchloride in 75 ml of rebxim THF under Ns When addition 
was compkte, rew was coo&d for 12 h. -?be solvent was 
then removed in wcyo and 40 ml of methylerie chloride added to 
tbc r&due. The q ethykoe cblaide sdution was washed with 
wata and brine, dried over K#I@ end the solvent removed in 
wcyo. Bulb to. bulb di~tf8atim (oven 21r, 0.82 mm) followed by 
slow rccrvstrlhntion from 14ucou1 ethanol a&&d 0.75 g (21%) 
of 14, q .pl 66-66s; NMR @Cl,) 8 8.48 (m, 2HA 7.45 and ?.#1(2s, 
lofit amf 7.1 Im. 2Elk MS m/c (46) M + 263 (100~.106 66.61. 
+&;k l8. i liditum of iog’~(l3.3mmol) of 

4-chioropyridiae hydrochloride aod l&1(13.3 mmol) of benzyl 
metcrptanwa.sheatedat14~for1h.Aftercoding,thereaidue 
was recrystallkul from etk to dord 28 g (9096) of tbc Py* 
chbride salt of U, mp. 193-19Y (lit.’ 196-198Y. Ncotnhvtlo 
with NaHC& and recrystdlkatioo from bexane afforded 2.01: 
(75%) of 15, m.p. S%l’ (lit.” 6lq: NMR (CDCl~) d 8.3s (ID, 
2H), 7.33 (s. 5H), 7.05 (m. W) and 4.88 (8, W). 

3,t&IX&orc~4pym~fi&opytfdazin~ To a solution of 0.47ml 
(O.&g, 5.6 mmol) of pyrrolidiae in 10 ml of methyknc chloride 
was added dropwiae a stirred mixture of 1.0 g (5.5 mmol) of 
3,5,6-trkhloropyrida&? and 0.25g of Nag& in IS ml of 

lmbyleoc chloride. whca additioo of the sobltioo wa!J uullpkte, 
the mixture wan stirred for 15 h, thee Sltercd and the solveot 
removed in vacw. RecrystaUiza& of the r&due from acetone 
lo&d 0.64641 of 3Jidichlao4pyrr~lidiwpyridrzhse f&p. 15% 
154s”; NMR (CD&) 8 6.48 (a, lH), 3.67 (m, 4H) and 2.07 (m, 
4H); MS m/e (‘16) M+ 2 219 @LO), 217 (76.2), 216 (100). 

cPywoudhopylfd&ne 18. A mixture of 4.0 g (18.4 mmol) of 
3&ikMor+4-pyrrolidiuopyri&iue and 2.00 of 10% Pd/C cata- 
lyst in w) ml of methanol and 5 ml of cooccntrated NH&H 
aolutioowaahydrog*utedat5paigfor3hooaParrappamtus. 
The catalyst was then 8lteXed off and the solvent removed in 
wcmo. The residac was taken up ia 50 ml of methykne chloride 
andtheaoiutioowa&dwithbrine,drkdovuK+X,.Tbe 
3olveot was removed in wcuo and the & recrystallkcd 
from carboo tetrachloride-bexaoc to a&d 0.718 (26%) of 18, 
m.p. 93-94’$ NMR (CD&) 8 8.70 (m, W), 6.43 (m, lH), 3.38 (m, 
4H) and 2.10 (m, 4H); MS WI/~ (%) Mt 149 (lOO), 148 (53.1). 120 
(21.8). 

3-Pyrroudirropyridbu l9.” To a stied solution of 4.8 ml (7.9 g. 
50 mmol) of 3-bromopyridi& and lO.Oml (17.8g, 0.25 md) of 
~yrmlidiminn5mloflnhydrousethauadaN~~dded 
dropwise 100 ml of 1.1 M pbenyl lithium solution. When &litioo 
of tbc solution = complete, the mixture was re5uxed with 
atiniag for 5 h, then stined at room temp. for 15 h. After tbc 
ca&ousadditiouof5OmlofwatertothereactioooIixt0e,tbc 
layers were separated aod tbc organic phase was washed with 
water, dried over KfiO, and the solvent removed in oocyo. 
Distilktioo of the residue lorded 3.20 (43%) of a mixture of 4 
and 19, b.p. 80-1OV (0.5 mm). The isomers were separated by 
column chromatogmphy (silka gel. ether-1 elueot) to 
afIord I.20 (16%) of 19, NMK (CC&) 8 7.80 (m. W), 6.88 (m, 
2H). 3.27 (m, 4H) pad 2.0 (m, 4H). 

2.pltrolidfnopy~fdine 2#. A mixture of IO.00 (88 mmol) of 
2-chloropyridioe,~ 18.4ml (15.6 g, 0.22 mol) of pyrrolidine and 
lOmlofwaterwasbeatedatnfJuxfor3h.Themixturewastheo 
LX0lCdudC~WithCtbCf.TbCethaeelWhltiOO~ 

wdrdwithwatcrandaaatmtcdNdlC~aolutioo,drkdover 
K&O, and the solvent removed in wcuo. DistiUon of the 
residue aRorded 6.4g (XI96) of 2), b.p. 84-86’ (1 mm), (lit.” 252Y; 
NMR (CCCIJ 8 8.15 (m, 1H). 7.30 (m, IH), 6.30 (m, W). 3.32 (m, 
4H) and 1.80 (m. 4H). 

1.L3.3 - Tetmmahyl - 4 - (2 - pyridyl)guanidhe 21 was 
prepamd from 2-aminopyridin~ and tetrametbylurea by a reac- 
tion analogous to that descibcd for 8. DistilUion a&rded a 43% 
yield of 21. b.p. %lo(r (Odmm) (lit.” 6T (0.02mm); NMK 
(CC&) 6 8.53 (s, lH), 8.15 (m, lH), 7.45 (m. lH), 6.82 (m, W) and 
3.0 (s,6H). 

Acylatior of alcohol4 
Acdylatbn of 1-mdhylcyc&sanoi 1. To a stirred mixture of 

I.140 (1Ommol) and I-•cthykyclobexand 1P 2.8 ml (2.Og. 
20 mmol) of hiethyiamine and 1.9 ml (20 & 20 mmol) of acetic 
anhydride was added l.Ommol of the acylatioo catalyst. The 
reaction was monitored by GC (a 1Oftx 3/8in. 15% DC-550 
columo at lw was used). Tbc ntcotioo timea for the akohol 1 
sod the acetate 2 were 3.0 and 5.5 min. mpcctively. With Cc 
pyrrotidinopyridii 4 as tbc catalyst, the reaction was complete 
inca16h.Tbereactioomixtlnv~tplretlupin5Omlofbexpne 
and the solution washed with a 5% HCI solutioo. a sahxated 
NaHCOl solution and brine, and dried over Kg&. The solvent 
wasremovedkwcw,aodtbcrrs~prrri6edbybulbtobulb 
distfnatioo (oven 7(r. 0.5 mm) to a&d 1.45 R (93%) of 2,= IR 
(neat) 1725cm-‘; N& (CD&) 8 2.0 (8, 3g) &I i.43 @ro~I. 
13H). 

Rrocibn of 1 with acetyl chloride A aolutioo of 28 ml (2.0 & 
#)mmol)oftriethy~in5mlofctherw~rdded~pwircto 
a s&red solution of 1.14 g (10 mmol) of I-methykyclobexanol 1, 
1.43 ml (1.57g. 2Ommol) of acetyl chloride and 1.Ommol of 4. 
ThermctionwasfollowcdbyGCasdea&bedabove.After2h. 
tbe~ofalcobd1to~2wrsca1:3.~ntio~not 
IpprackblydiRaeotafter24h.Whentlds~aMmpeated 
without the addition to +pylTotidinopyridilE 4. the re8uits wen 
the same. Wheo triethylamhs was omitted from tbeue reactions, 
10% acetylatioo of 1 was observed. 
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Acdyhtb of l,l-&htny&hnuf 10. To a mixture of 0.2Og 
(1.0 mmol) of l,ldipbenykthi& 10,a 0.23 ml (0.20& 2.0 mmol) 
of trkthylamine, and 0.19 ml (0.02& 2.0 mmol) of acetic an- 
hydride was added 0.1 mmol of the acyktion catalyst. To 
compare tbc effects of the different catalysts, the reaction was 
quenchcdafte4hbytheadditionofsfewdropsofwthanoI. 
Thereactioamkturewasthclltakenupin35mlofbcxareand 
tbe~~~n~witbaS%HCI~olution.r~NIHCO, 
solution and brine, and dried over K&X,. The solvent wan 
removed irr uacm to afford a mixture of the alcohol and acetate. 
The ratio of al&al to acetate was detumii by integration of 
the methyl peaks in the NMR m of the mixture. With 
4pynolidinopyridinc 4 as the catalyst, acetylation of l,l- 
diphcnykthanol was wmpkte after co 40 h to a&d 0.22g 
(92%) of the acetate. IR (CCL) 1745 cm-‘; NMR (CDCI,) g 7.2 (8, 
SH). 2.02 (s, 3H) and I.97 (s, 3H). Attempted distiUation or 
chromatogrephy of this acetate led to partial decomposition to 
dipbenyktbykae. 

>-A&l-i-methylcy~ 2% To a mixture of 0.50~ 
(3.85 mmol) of diol 24,” 0.37 ml (0.39 II. 3.9 mmol) of acetic 
anhydride,.and 0.54 ml (0.39 g. 3.9 mAoI) -dt triethykr& in 2 ml 
of q ethyknc chloride was added 15 mg (0.1 mmol) of 4-pyr- 
rolidinop~4.Tbemixtmewasatirrcdfor2mio,pourcdinto 
35 ml of bexane and wasbed with a 5% HCI solution. a satuakd 
NaHCG, aolutioo and ti. The sdutioo was dried over Kgo, 
ami tbc solvent removed in 0acuo to afford 0.57 g (86%) of 28, IR 
(neat) 355&3250 aad 1715cm-‘; NMR (CDCI,) 8 4.8 (m, lH), 
23-1.3 (9H), 2.08 (s, 3H) and 1.25 (s, 3H). 

The reactioo of 1.5 mmol of dial 24 and 7.5mmol each of 
acetic anhydride and trkthykmine required 2 h to completion to 
alTordZ!!in73%yicId.Acetatc25didnotnrctfurUerundcr 
the!X cooditions. 

2 - Acetyl - 1 - mdhylcyclohexyl acetate 26. To a mixtlln of 
0.20 g (1.54 mmol) of diol24, 0.70 ml (0.76 g. 7.5 mmol) of acetic 
anhydride ad 1.05 ml (0.76a 7.5 mmol) of trkthvkmine was 
add&I 15 mg (0.1 mmol) Of 4-p-~olidinop& 4. tipon addition 
of 4, the reaction mixhue became warm. Immediate analysis by 
GC (a 15ftx 3/8 in. 10% QF-1 column at 200” was used) in- 
dicated that dioI 24 (retention time 3.3 mio) had been completely 
coovertedtou(retenttontime5.3mia).AftaUh,tberePctioo 
was worked up as before to a&d 0.32~ of an oil which was 
purifkd by bulb to bulb distilktioo (oven loo”, 0.5 mm) to dord 
0.31 g (9(9b) of 26,= IR (neat) 173Ocm-‘; NMR (CDCI,) 
8 5 1 (m, 1H). 2.1-1.2 (8H), 2.08 (8, 3H), 2.0 (s. 3H) and I.50 (s, 
3H). 

2 - Acctyl - 2 - mdhylcyclohaanone S. To a mixture of 5.0s 
(39.0 mmol) of hydroxy kctom 27.Y 7.35 ml (7.95 g, 78.0 mmol) of 
acetic anhydride and 10.8 ml (7.87 g, 78.0 mmol) of trkthylamii 
was added 6Omg (0.40 mmol) of 4-pylrolidinopy 4. The 
mixture was stirred at room temperature for 45 min, tbeo 4.0 ml 
of metIlano1 was added sIowly. The reaction mixture was taken up 
in loOmI of hcxane and worked up as described above. Dis- 
tiIktioo of the residue &o&d 5.80~ (87%) of s, b.p. 81-830 
(2 mm) (lit.n lO>loP (6 mm)). IR (neat) 1730 cm-‘; NMR (Ccl,) 
8 281.2 (8H), 202 (s, 3H) and 1.35 (s, 3H). 

2-Acdyl-2-mdhylbutan-3-one 31. To a mixture of 1.50 
(14.9 mmol) of Zhydroxy-2-wthylbutanutan-loae 2S,p 2.83 ml 
(3&g, 30.0 mmol) of acetic anhydride aod 4.18 ml (3.04g, 
30.0 mmol) of triethylamii was eddcd 30 mg (0.2 mmol) of C 
pyrrolidiuopyridine 4. The mixture was sti at room tempera- 
mrefor~mmin,tbenworLedup~describedabove.Bulbtobulb 
distiIlati00 (oven 70”. 05 mm) of the residue aBordcd l.% g (92%) 
of 31,w IR (neat) 1725 cm-‘; NMR (CC&) 6 205 (s.6H) and 1.43 
(s.6H). 

Accfy&th of olcohd 2Y. A mixture of 100 mg (0.40 mmol) of 
alcohol 29:’ 0.14 ml (15 mmol) of acetic anhydride and 0.21 ml 
(15mmol) of tricthykm& was aBowed to stand at room 
tcmpeature for 24 h. Work up aa deacrii above a&&d 
115 mg of a yellow oil. determined by NMR to contain ca 88% of 
acetate 32, a hate of UmeDctcd alcohol 29 and unidcntilkd 
mate&l. Attempted crystaUixa&o or chromatography of J2 kd 
to elimination of acetic acid to the olefin. Acetate 32 hsd IR 
(neat) 173Ocm-‘; NMR (CC&) d 7.1 (m, 8H), 4.3 (broad d, 
J = 5 Hz, lH), 23 (m, W), 2.0 (I, 3H) and 1.8 (s. 6H). 

Acknow-W inv~o was supported by Grant 
No. CA-19203 awarded by the National Cancer Institute, DHEW. 

‘Synth& M&o& IO. For Part 9 see A. Hassner aod J. A. 
Soderquist, 1. @pnomu. than. l31, Cl-C4 (1977). 

-W. van E. Do&g and W. E. McEwco. 1. Am. Cikcm. Sec. 73. 
2104 (1951); ‘For a review of acyl pyridinium apeck, see A. K. 
shdntmm, S. I. Suminov, and A. N. Kost, Rnss. Chcm. Reo. 
42.642 (1973). 

LJ. F. Norris and G. W. Rigby, 1. Am. Chem. Sot. 54.2088 
(1932); ‘R. H. Baker and F. G. BordweU. 09. Syn. Coil. Vol. 3, 
141 (1955). 

‘W. M. D. Bryant and D. hf. Smith, 1. Am. Clrem. Sot. Sr, 1014 
(1936); ‘B. Abramovitch, J. C. Shivers, B. E. Hudson, and C. R. 
Hauser, Ibid. 65,986 (1943); ‘M. S. Ncwamn and L. K. Lab, 

Tdnhednm Ldtem 3267 (1967); ‘A. !+ssow, Org, Syn Cdl. 
Vol. 3,144 (1955). 

‘?I. M. Kaiser and R H. W&U, J. Grg. Chem. I. 11% 
(1970); *R A. Roasi and R H. de Roasi. Ibid 3), 855 (1974). 

“R. C. Parish and L. M. stock, I. Org. Gem. 3,927 (1965); *J. 
H. Brewster and C. J. Ciotti, Jr., 1. Am. Ghan. Sot. 77, 6214 
(1955). 

“H. A. staab. w. Chem. I&mar. Ed 1,351 (1%2); ‘G. A. 
Okh. S. J. Kuhn. W. ! S. Tokvcsi. aod E. B. Baker. 1. Am. 
ch&. sot. 84.27j3 (1%2). -_ 
“W. Stcglich and G. Hone, Angcw. Chem. Intern&. Ed 8,981 
(1%9): ‘G. Hode and W. !&wIich. Swuhtaia 619 (1972): ‘W. 
&g&h aod G. Hoik, Ttwh&tm~L&~ 4721(19?0). .- 

‘E. GuiiJampcl and M. Wakschmao, Ghan. Commnn. 267 
(1971). 

“For exampks see: ‘F. Bohlmann and H. Fran& Ghan. Ber. 
lU(, 3229.(1971); ‘H. Hofmano, B. Meya and P. Hofmano, 
Am?ew. C&m. Intanat. Ed. 11.423 (1912): ‘J. E. McMurrv. J. 
H. Musser, M. S. Abed and i C. lksz& 1. @. Chesn~ A, 
1829(1975);‘A.Husner.RH.ReussandH. W.Pinnick,JbidlO, 
3427 (1975). 

“This work was started before we became aware of the initially 
reported use’ of 2. 

‘9. Jcrcbel and L. Jakob, C/urn. Ber. 91,1266 (1958). 
“L. M. Iitvknko ad A. I. Kirichenko, aDikl. A&&. Novf 

SSSR 176,97 (1967). 
“J. M. Essery and K. SchoikId, /. r&m. Sec. 3939 (1961). 
“M PK. values quoted arc from D. D. Penin, fX.rsociation 

Constants or Organic Bates in Aqueous Solutiorr Butterworth, 
London (1%5). 

‘# Framptoo D. C. Johosoo. and A. R. Katritxky, lusfus 
Li&igs Ann. &I 749,12 (1971). 

“‘S. F. mkc, m Ckmistry of Enamine, pp. l&13. Cambridge 
University Picas, Loodoo (1973); *S. K. Malbotra, In 
Buzminu: S’ynlhub, S~cture, and Reactions (Edited by A. 
G. Cook) pp. 1-34. Marcel De&r, New York (1%9). 

“W. E. McEweo and R. C. Cobb, Ghan. Reo. 55,511(1955). 
‘+imikr steric interactiona wac found in the pyrrolidinc 

enam& of Zmethykyclohcxanonc which stab&es the A” 
over the A” isomer. W. D. Gurowitz and M. A. Joseph, 
Trrmlrcdron Laras 4433 (1965); ‘2-Methylpyridine likewise 
shows no cat&tic effect in acylation where pyridine works 
well. K. Schotkld. Hetev-Arrmratic Nittvgm Compounds. p. 
195. Pkoum Press, New York (1967). 

&Tkcsc solvent effects arc simikr to the ones observed io tbt 
reaction of oxime acetates with alcohols. A. Hassncr and W. A. 
Weotworth, Chem Commun. 44 (l!W); ‘The possibility that the 



2076 AImED H- aal. 

formzwittcrionIwasdiscamtcdsinccnoD-&orporatioawas 
observed into the methyl group of hbntyl acetate when f- 
BuOD was used in the catalyzed acctylation. Shilariy. inter- 
mcdiatcUcanbcndedoutbytkcabaenceofDincorpor&on 
into 4. 

‘IS. J. Cristol. I. S. Pmy and R S. Bcckky, I. 09. f&m., 41, 
1912 (1976). We thank Dr. S. 1. Perry for a sampk of tbia 
rlcobol. 

~Avaihbk from Akkich or Pkaltz and Baocr Chemical 
Companies: *K. Bow&n and P. N. Green, 1. Ghan. !$oc. 1795 
(1934). 

=H. Vohueggen, Angcw. Chcm. huemat. Ed Il. 30s (1972). 
?I. Brcdcreck. F. Eaeobager and A. Hoffmann, Chcm. Ikr. 97, 

61 (1960. 
?h synthsii of 22 from 4-chlomquinolhe and pyrrolidite in 

somewhat lower (67%) yield has been reported: J. Bcnault and 
J. C. Cartron. Chhn. 7Xez 66,339 (1966) as seen in Ch. Abs. 

Z~U~J.B.P~~~ I ram ~OC ca(1970) 
this is the method of h M.‘&iar. i. 1. brcenbeq hid K. E 

Rubcnucio. J. 0~5 Chmt. 28). 2091 (l%3). 

=R A. Jams and A. R Kathky, J. Chem. SM. 3610 (1938). 
~H.MiaonimdP.ESpoerri./.Am.Cikan.Soc.76,2#)1 

(1934). 
~prepmationoftbepiphdincqlogbythismetbodlu 

been rqortcd: T. Kaufmann and P. -P. Bocttchcr. Chcm. hr. 
95. 1528 (1%2). 

“G. H. Kerr. 0. Mcth-Colm, E. B. Mullock ad H. Suachitzky, 1. 
Chea. Sot., P&I I 1614 (1974). 

‘=f. D. Neti and G. S. Hammond, J. Am. C&em. Sot. 76.4124 
(1934). 

“I. W. Whs and C. D. Hurd. J. olg. Char. I, 122 (1940). 
“Pp. R Jeff&a and B. M&an, 1. Ghan. Sue. 4384 (1956). 
UTkprcpamtionofdiacctatc~fromdiolUandacetylchloride 
haa beei rcportd: 1. N. Namrov and N. V. K&v, h&l 
AM N&. SSSR 111.358 119x9. 

=C. L. Stcvcns. I. L Kiundt,‘M. i. Musk and N. D. Pillsi, 1. 
09. chan. a, 2%1(1%5-h 

nE. W. Wanhoff and W. S. Johnson, I. Am. Ghan. Sot. 75,494 
(1933). 

“S. Moon aul H. Bohm, J. Chg. Ghan. 37,433 (1972). 


