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6 ,6 ,7 ,7 -Te t ramethy l -2 -qu inuc l idone  was synthesized,  and i ts  d i f fe rences  f rom the usual  amides  
were  shown. It en te r s  into th ree  types  of chemica l  reac t ions :  1) the N - C O  bond is broken  
under  the influence of prot ic  nucleophilic agents (water, alcohols,  amines ,  hydroxylamine ,  and 
hydraz ines ) ,  and nucleophilic agents  a re  acylated by the (2 ,2 ,6 ,6 - t e t r amethy l -4 -p ipe r idy l ) -  
acet ic  acid res idue;  2) the N - C  (CH3) 2 bond is broken by reac t ion  with nucleophilic agents in 
aprot ic  media  (phenyllithium in e ther ,  PC15 in benzene,  acetone cyanohydrin,  and LiA1H 4 in 
e ther)  to f o r m  4-subs t i tu ted  6 ,6 -d ime thy l -2 -p ipe r idones ;  3) reac t ions  with the p r e s e r v a t i o n  
of the quinuclidine ring occur  on t r e a t m e n t  with e lee t rophi l ic  reagents  {hydrogen chlor ide  and 
methyl  iodide) in aprot ic  solvents  and during reduct ion.  

Bicycl ic  amides  with an angular  n i t rogen atom of the 2-quinuclidone type are  c h a r a c t e r i z e d  by a r i g id -  
ly fixed s t ruc tu re  in which it is s t e r i c a l l y  imposs ib le  for  the f ree  p e lec t rons  of ni t rogen and the ~ - e l ec t ron  

cloud of the carbonyl  group to be pa ra l l e l .  The absence of conjugation of the ~ N - - C = O  type, obse rved  in 
~ ' r T  ] T 

the usual  amides ,  provided a ba s i s  for Lukes and Fawcet t  [1, 2] to e x p r e s s  doubt in the poss ib i l i ty  of the 
r ea l  ex is tence  of such compounds ,  However ,  in 1956 we and M. V. Rubtsov [3] and in 1959-1965 P r a c e j u s  
and c o - w o r k e r s  [4, 5] r e p o r t e d  the p repa ra t ion  of 2-quinuclidones by cycl iza t ion  of acid chlor ides  of the 
co r respond ing  4 -p ipe r idy lace t i c  acids in the p r e sence  of hydrogen chlor ide accep to r s .  
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Fig. 1. Mass spec t rum of 6 ,6,7,7- te t ramethyl-2-quinucl idone.  

In this paper  we repor t  the synthesis of a new representa t ive  of this se r i es ,  viz., 6 ,6 ,7 ,7- te t ramethyl-  
2-quinuclidone (I), and severa l  pecul iar i t ies  of its chemical  behavior .  

Compound I was synthesized from (2,2,6,6- tetramethyl-4-piperidyl)  acetic acid (II) by convert ing it 
to the acid chloride with subsequent t rea tment  with t r ie thylamine.  While the yields of the corresponding 
2-quinuclidones were 40-72% for compounds that do not contain substituents or  have two or  three methyl 
groups in the ~ positions relat ive to the ni t rogen atom [4, 5], s te r ic  hindrance due to the presence of four 
methyl groups led to a decrease  in the yield in the step involving formation of I to 27%. The synthesized 
6 ,6 ,7 ,7- te t ramethyI-2-quinucl idone (I) has ;~max 230 nm (Ioge 2.28) (in alcohol), pK a 6.37 • 0.05 (in water ,  
de termined potentiometrical ly) ,  and a dipole moment of 3.95 D {determined in benzene), which agree with 
the cha rac t e r i s t i c s  of d i -  and t r imethyl-2-quinuel idones  [5]. T h e  data of mass  and PMR spect roscopy also 
are  in agreement  with s t ruc tu re  I. 

The f ragmentat ion of amide I under e lec t ron impact  at 30 and 12 eV (Fig. 1 [6]) is expressed  by the 
following scheme:  
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Since amide conjugation in quinuclidone I is hindered, the high intensity of the molecular  ion in the 
mass  spec t rum of this compound can be explained by an open form of M + as an amide f ragment .  

The PMR spec t rum of I contains two singlets of six proton units (6 1.03 and 1.41 ppm) which c o r r e -  
spond to the CH 3 groups and at test  to the presence  of a plane of s y m m e t r y  in the molecule.  The H 4 proton 
gives a multiplet  at 2.19 ppm (J = 2.9 Hz) which is charac te r i s t i c  for quinuclidine compounds [7]. The 
multiplet at 2.08 ppm (two proton units) is assigned to the C 3 protons,  which interact  with H4, and the C 5 and 
C~ protons,  the signals of which form a group of lines f rom 1.25 to 1.55 ppm. 

Since the effect of ni t rogen on the carbonyl  group in quinuclidone I is not cha rac te r i zed  by combina-  
tion of + M and - I  effects as in the usual amides,  but is determined only by the e lec t ron-accept ing  inductive 
interaction,  an increase  in the deficit of e lec t rons  on the carbon of the carbonyl group is observed in this 
compound and is manifested in the IR spec t rum by an increase  in the wave number of the valence vibrations 
of the C ~-~O group.  It is well known [8] that the valence vibrations of the carbonyl group of N,N-disubst i -  
tuted amides are  found at 1630-1670 cm -1. This band is shifted to 1755 cm -1 in the IR spec t rum of qui- 
nuclidone I, and in n i t rogen-protonated  compounds [hydrochloride and methiodide (IX and X)], where the - I  
effect is even more  re inforced,  the band is shifted to 1811 and 1820 em -~, respect ively ,  i .e. ,  to the region 
of the valence vibrations of the C = O  group of the acid halides.  
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The i n c r e a s e  in the e lec t ron  defici t  on the ca rbon  of the carbonyl  group leads  to a cons iderable  in- 
c r e a s e  in the r eac t iv i ty  of the compound.  

Quinuclidone I r e ac t s  with nucleophilic reagents  cons iderab ly  m o r e  read i ly  than other  amides  and, in 
this r e spec t ,  occupies  an in t e rmed ia te  posi t ion between ketones  and acid ha l ides .  The s tabi l izat ion of the 
adducts fo rmed  occurs  mos t  f requent ly  with breaking  of the N - C  2 bond, and I thus acts as an acylat ing 
agent. Opening of the quinuclidine r ing at the N - C O  bond during the reac t ion  of di -  and t r i m e t h y l - 2 - q u i -  
nucleidones with wa te r  and methanol  has  been  prev ious ly  desc r ibed  by P r a c e j u s  and c o - w o r k e r s  [5] who, 
however ,  did not i so la te  the final products  of the reac t ion  but followed the course  of the p r o c e s s e s  f rom 
the change in the pH of the medium,  the angles of rotat ion,  and the IR spec t r a  of solut ions.  We made a 
s y s t e m a t i c  study of this type of r eac t ion  and showed that breaking  of the N - C O  bond to fo rm (2 ,2 ,6 ,6- te t ra-  
me thy l -4 -p ipe r idy l ) ace t i c  acid (iI) or  i ts  de r iva t ives  (es te rs ,  hydraz ides ,  amides ,  etc.) (IIIa-e) occurs  in 
all c a se s  during the r eac t ion  of compound I with var ious  prot ic  nucleophil ic agents  (water, a lcohols ,  amines ,  
hydroxy lamines ,  and hydraz ines ) .  All of the final products  of acylat ion of prot ic  nucleophilic agents by sub-  
s t i tuted 2-quinuclidones were  i so la ted  in pure  fo rm,  and the i r  s t r u c t u r e s  were  conf i rmed  by a l ternat ive  
synthes is  f r o m  (2 ,2 ,6 ,6 - t e t r amethy l -4 -p ipe r idy l )ace t i c  acid. 

P e c u l i a r  t r a n s f o r m a t i o n s  a re  obse rved  on t r e a t m e n t  of amide I with nucleophilic agents and aprot ic  
media  (phenyllithium in e ther ,  phosphorus  pentachlor ide  in benzene,  acetone cyanohydrin,  and l i thium 
aluminum hydride  in e ther ) .  All of these  reagents  aIso br ing about breaMng of the C - N  bond in the qui- 
nuelidine r ing.  However ,  in con t r a s t  to the reac t ions  desc r ibed  above, the p roce s s  takes  place at the 
N-C(CH~) 2 bond r a t h e r  than at the N - C O  bond. Unstable ca rbon ium ion A apparent ly  f o r m s  ini t ial ly in the 
p r o c e s s ;  A is s tabi l ized e i ther  by c leavage  of a proton to f o r m  4 - ( 2 - m e t h y l - l - p r o p e n y l ) - 2 - p i p e r i d o n e  (IV) 
or  due to addition at the e lec t rophi l ic  cen te r  of the OH group (in the course  of t r e a t m e n t  of the reac t ion  
mass )  or  CN group to fo rm,  r e spec t ive ly ,  4 - (2 -hyd roxy -2 -me thy lp ropy l ) -6 , 6 -d ime thy l -2 -p ipe r i done  (V) or 
4 - (2 - e y a n o - 2 - m e t h y l p r o p y l ) - 6 , 6 - d i m e t h y l - 2 - p i p e r i d o n e  (VI). Thus,  for  example ,  2 -p iper idone  der iva t ive  V 
was obtained by the reac t ion  of quinuclidone I with phenyll i thium and was also isola ted f rom the products  of 
r eac t ion  with LiA1H 4 and PCl  5. 

CH --~/cH3 
\CH3 

.~c\] I 
H~C/"xNJ%0 

R 
Carbonium ion A (R 
is a nucleophilic 
agent residue.) 

The reac t ion  of I with phosphorus  pentachlor ide  p roceeds  ambiguously:  in addition to the two p rod -  
ucts  of s tabi l iza t ion  of ca rbon ium ion A (IV and V), due to fu r the r  in te rac t ion  of the amide ca rbony l  with 
PC15 one also obtains a mix tu re  of unstable  mono-  and dichloro de r iva t ives ,  f rom which 2 - c h l o r o - 4 - ( 2 -  
me thy l - l - p ropeny l ) -6 ,6 -d ime thy l -A2-dehydrop ipe r id ine  (VII) could be isola ted.  In addition, on t r e a t m e n t  
of amide I with PC14, the p r o c e s s  does not t e rmina t e  a f te r  b reak ing  of only one N - C  (CH~) 2 bond. A par t  of 
the monocycl ic  r eac t ion  product  undergoes  breaking  of a second N - C  (CH3) 2 bond and is conver ted  to a l i -  
phatic ni t r i le  VIII. The reac t ion  of I with acetone cyanohydrin p roceeds  m o r e  unambiguously  to fo rm chiefly 
4-  (2 - cyano-2 -me thy lp ropy l ) -6 ,6 -d ime thy l -2 -p ipe r idone  (VI). 

The t r an s fo rm a t i ons  of I with breaking  of the N - C  (CH~) 2 bond have a ce r t a in  analogy with the c l e a v -  
age of s t e r i c a l l y  h indered  amides  desc r ibed  in [9]. However ,  in the l a t t e r  case  the p r o c e s s  takes  place 
under  absolutely  di f ferent  condit ions:  on t h e r m a l  t r e a t m e n t  (with convers ion  to unsa tu ra ted  compounds and 
ni t r i les)  r a t h e r  than during acid hydro lys i s  (with the fo rmat ion  of an unsa tura ted  compound, ammonia ,  and 
acid). The fo rmat ion  of unsa tura ted  amides  f rom N-acyla ted ,  s t e r i ca l ly  h indered amides  was a lso  noted by 
a number  of other  inves t iga to r s  [4, 10-12], but the l i t e r a tu r e  s t i l l  does not contain any informat ion  r e g a r d -  
ing the c leavage  of the N - C  (CH3) 2 bond under  the influence of nucleophilic agents in aprot ic  media .  

The a b o v e - d e s c r i b e d  two types  of conve r s ions  of amide  I - with b reak ing  of the N - C O  or  N - C  (CH~) 2 
bonds - in all c a s e s  lead to s t r u c t u r e s  which do not contain a quinuclidine r ing.  In addition, it turned out 
that  6 ,6 ,7 ,7 - te t ramethy l -2-qu inuc l idone ,  despi te  its high labi l i ty ,  is capable  of r eac t ions  which occur  with 
p r e s e r v a t i o n  of the quinuclidine s t ruc tu r e .  One such p r o c e s s  is the reac t ion  of quinuclidone I with e l e c t r o -  
philic agents such as hydrogen chlor ide  or  methyl  iodide in aprot ic  solvents ,  which leads to the format ion  
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of sal ts  IX and X, as well as its reduction with lithium aluminum hydride.  The la t ter  react ion occurs  am-  
biguously.  Above we noted the isolation f rom the products  of this react ion of V, which is obtained by break-  
ing of the N - C  (CH3) 2 bond and stabil ization of the carbonium ion formed due to the addition of an OH group 
during t rea tment  of the react ion mass  with water .  The second compound isolated from the products of this 
react ion is 2 ,2 ,6 ,6- te t ramethyl-4-(2-hydroxyethyl)piper id ine  (XI), which is formed as a resul t  of breaking 
of the N - C O  bond in I. The s t ruc ture  of XI was conf i rmed by alternative synthesis f rom methyl (2,2,6,6- 
te t ramethyl -4-p iper idy l )ace ta te  (IIIa). However, the mos t  interest ing product of the reduction of quinucli- 
done Iwith LiA1H 4 is 2-hydroxyquinuclidine derivative XII. It turned out that, in cont ras t  to the usual amides 
and lac tams ,  the carbonyl group in quinuclidone I is reduced to CHOH ra ther  than to CH 2. The amino alco-  
hol fo rmed in the p rocess  is acylated under  the react ion conditions by excess  I to 2-[ (2 ,2 ,6 ,6- te t ramethyl-  
4-piper idyl)acetoxy]-6,6 ,7 ,7- te t ramethylquinucl idine (XII). A tr iplet  of the C 2 proton of the quinuclidone 
port ion of the molecule with 6 4.12 ppm is c lear ly  manifested in the PMR spec t rum of XII, and a group of 
signals constituting 36 proton units f rom the remaining protons is observed at 0.73-2.17 ppm. 

The resul ts  of the reduction of quinuclidone I depend to a considerable degree on the conditions used 
to c a r r y  out the react ion.  The maximum quantity of XII is formed when the mola r  rat io of I and LiA1H 4 is 
1 : 2, and the process  is ca r r i ed  out for 3 h in refluxing ether .  Increas ing the amount of LiA1H4 or  rais ing 
the tempera ture  (refluxing in te trahydrofuran)  shifts the process  to favor substituted (2-hydroxyethyl)- 
piperidine (XI). 

E X P E R I M E N T A L *  

6,6,7,7-Tetramethyl-2-qt t inucl idone (I). Boiling thionyl chloride (150 ml) was added to 15 g (64 
mmole) of the hydrochlor ide of (2 ,2 ,6 ,6- te t ramethyl-4-piper idyl)acet ic  acid heated to 60 ~ and the mixture 
was refluxed for  3 h. The react ion mass  was evaporated in vacuo, 30 ml of t r ie thylamine and 100 ml of 
e ther  were added to the residue,  and the mixture  was refluxed for 20 h. The precipitate was removed by 
fi l tration, the solvent was removed  by distillation, and the residue was vacuum distilled. The fract ion with 
bp 100-101 ~ (5 ram) was col lected to give 3.14 g (27%7 of I as a c lear  liquid with n~ 1.4930. Found %: C 
72.8; H 10.7; N 7.7. CltHigNO. Calculated %: C 72.9; H 10.5; N 7.7. Hydrochloride IX was obtained as 
co lor less  c rys ta l s  with mp 97-98 ~ Found %: C1 16.3; N 6.4. CtlHtgNO �9 HC1. Calculated %: C1 16.3; N 
6.4. Methiodide X was obtained as color less  c rys ta l s  with mp 173-175 ~ (decomp.). Found %: I 38.8; N 4.0. 
C12H22INO. Calculated %: I 39.3; N 4.3. 

(2 ,2 ,6 ,6-Tetramethyl-4-piper idyl)acet ic  Acid (II). A mixture of 0.27 g (15 mmole) of I and 10 ml of 
water  was heated for 30 rain on a boi l ing-water  bath, the mixture was evaporated to dryness ,  and the r e s i -  
due was t r i tu ra ted  with acetone to give 0.28 g (94%7 of acid II as a color less  powder with mp 280 ~ (decomp.) 
which was soluble in water ,  only slightly soluble in alcohol, and insoluble in ether,  acetone, and chloroform.  
Found %: C 66.4; H 10.3; N 7.2. C11H21NO 2. Calculated %: C 66.3; H 10.6; N 7.0. 

Methyl (2 ,2 ,6 ,6-Tetramethyl-4-piper idyl)aeeta te  (IIIa). A. Compound I [2 g (11 mmole)] was refluxed 
for 5 h with 20 ml of methanol,  the solution was evaporated,  and the residue was vacuum distilled to give 
1.78 g (76%7 of Ilia as a c lea r  mobile liquid with bp 79-81 ~ (1 ram) and n~ 1.4562. IR spec t rum (v, cm-t ) :  
1746 (CO). Found %: C 67.7; H 10.9; N 6.7. C12H23NO 2. Calculated%: C 67.6; H I0.9; N 6.6. 

B. The hydrochlor ide of II [5 g (21 mmole)] was refluxed for  6 h in 50 ml of a 10% methanol solution 
of hydrogen chloride,  and the solution was evaporated to dryness .  The residue was made alkaline with a 
50% solution of potass ium carbonate,  and IHa was extracted with chloroform.  The ch loroform was removed,  
and the res idue was disti l led to give 3.3 g (73%) of IIIa. The hydrochlor ide was obtained as color less  c r y s -  
tals with mp 205-206 ~ Found %: C1 14.5; N 5.7. C12H23NO ~ "HC1. Calcula ted%: C1 14.2; N 5.6. A mix-  
ture  of the hydrochlor ides  of IIIa obtained by methods A and B did not give a melt ing-point  depress ion.  

(2 ,2 ,6 ,6-Tetramethyl-4-piper idyl )acet ic  Acid Morpholide (IIIb). A. A mixture of 1.35 g (7.5 mmole) 
of I and 1~.5. ml of morpholine was refluxed for  12 h. The excess morpholine was removed  by vacuum dis-  

�9 All of the IR spec t ra  of the compounds presented in this paper were obtained f rom mineral  oil suspensions 
with a UR-10 spec t rome te r ;  the PMR spec t ra  were obtained f rom CC14 solutions with a JNM 4H-100 spec -  
t r o m e t e r  (100 MHz) with Si(CH3) 4 as the internal s tandard;  the mass  spec t ra  were obtained with an MKh- 
1303 mass  spec t romete r  with a cyl inder  admission sys tem at 20-50 ~ with ionizing voltages of 30 and 12 eV; 
the UV spec t ra  were obtained with an EPS-30 spec t romete r .  We thank Yu. N. Sheinker, K. F. Turchin, 
L. M. Alekseeva,  and Yu. I. Pomeran t sev  for conducting the spectral  investigations. 
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tillation, and the residue was r ec rys t a l l i zed  f rom ethyl acetate to give 1.95 g (97%) of IIIb as color less  c r y s -  
tals with mp 87-89 ~ which was quite soluble in the usual organic solvents.  Found %: C 66.9; H 10.4; N 10.2. 
C15H28N202. Calculated%: C 67.1; H 10.5; N 10.4. 

B. The hydrochlor ide of II [5 g (21 mmole)] was heated for 3 h.with 50 ml of thionyl chloride at 80 ~ 
the thionyl chloride was removed  by distillation, 20 ml of benzene and 50 ml of morpholine were added, 
and the mixture  was s t i r red  at 50 ~ for  4 h. The precipi tated morpholine hydrochlor ide was removed by 
filtration, the benzene was distilled, and the residue was rec rys ta l l i zed  f rom ethyl acetate to give 6.35 g 
(67%) of IIIb with mp 88-89 ~ . A mixture of IIIb obtained via methods A and B did not give a melt ing-point  
depres sion. 

Hydrochloride of (2 ,2 ,6 ,6-Tetramethyl-4-piper idyl )acetohydroxamic  Acid (IIIc). A mixture of 0.5 g 
(2.7 mmole) of I and 0.19 g (2.7 mmole) of hydroxylamine hydrochlor ide was refluxed for 2 h in 6 mt of a l-  
cohol. The precipi tated co lor less  c rys ta l s  were fi l tered and washed with e ther  to give 0.4 g (62%) of IIIc 
with mp 248-249 ~ which was quite soluble in water  and aqueous alcohol and slightly soluble in ether ,  ch loro-  
form,  and absolute alcohol. IR spec t rum (v, cm-1): 1665 (C = O ) .  Found %: C 52.6; H 9.3; C1 14.3; N 11.3. 
C l l H 2 2 N 2 0 2  �9 HC1. Calculated %: C 52.7; H 9.2; C1 14.1; N 11.2. 

(2 ,2 ,6 ,6-Tet ramethyl-4-piper idyl )acet ic  Acid Hydrazide (IIId). A. A mixture of 2.5 g (14 mmole) of 
I, 12.5 ml of hydrazine hydrate ,  and 25 ml of xylene was refluxed in a D e a n - S t a r k  apparatus for 5 h. The 
precipi tate  was fi l tered,  washed with ether ,  and dried to give 1.9 g (63%) of IIId as co lor less  c rys ta l s  with 
mp 104-105 ~ which was quite soluble in alcohol and chloroform and slightly soluble in ether and benzene. 
IR spec t rum (v, cm-1): 1640-1650 (C = O ) ;  3290, 3450 (N-H).  Found %: C 61.8; H 11.0; N 19.9. CilH23N30. 
Calcula ted%:  C 61.9; H 10.9; N 19.7. 

B. A mixture  of 2.13 g (10 mmole) of IIIa and 0.75 ml of hydrazine hydrate in 10 1Ill of alcohol was 
refluxed for 6 h, evaporated to dryness  in vacuo, and the residue was washed with e ther  to give 1.2 g (56~0) 
of IIId. A mixture  of IIId obtained via methods A and B did not give a melt ing-point  depression.  

(2 ,2 ,6 ,6-Tetramethyl-4-piper idyl )acet ic  Acid Phenylhydrazide (IIIe). A. A mLxture of 2.4 g (13 
mmole) of I, 2.15 g (20 mmole) of phenylhydrazine,  and 20 ml of xylene was refiuxed for 12 h in a D e a n -  
Stark apparatus .  The xylene was removed by vacuum distillation, and the residue was t r i tura ted  with ether 
and dried to give 2.31 g (64%7 of co lor less  c rys ta l s  of IiIe with mp 123 ~ which were quite soluble in alcohol 
and ch lo roform and slightly soluble in e ther .  Found %: C 70.6; H 9.2; N 14.6. C~TH27N30. Calculated ~ :  
C 70.8; H 9.0; N 14.6. 

B. A mixture  of 5 g (21 mmole) of the hydrochlor ide  of II and 50 ml of thionyl chloride was refluxed 
for  3 h, evaporated to dryness  in vacuo, and the residue was dissolved in 50 ml of ch loroform.  A solution 
of 5.96 g (55 mmole) of phenylhydrazine in 50 ml of ch loroform was added to this ch loroform solution, and 
the mixture was s t i r r ed  for 5 h at 80 ~ The cooled react ion mass  was made alkaline with 50% aqueous 
potass ium carbonate,  and IIIe was ext rac ted  with ch loroform.  The ch loroform was removed,  and the residue 
was washed with e ther  to give 5.8 g (95%) of IIIe. A mixture of Hie obtained via methods A and B did not 
give a melt ing-point  depress ion.  

Reaction of 6 ,6 ,7 ,7-Tetramethyl-2-quinucl idone with Phenyll i thium. Compound I [1.3 g (7.2 mmole)] 
was refluxed for  6 h with phenyltithium /from 0.25 g (36 rag-atom) of lithium and 2.82 g (18 mmole) of 
bromobenzene] in 20 ml of e ther .  The react ion mass  was t rea ted  with 10 ml of water  and extracted with 
ch loroform.  The residue (0.45 g) after  removal  of the chloroform was t r i tura ted  with e ther  and fi l tered to 
give 0.15 g (10%7 of 4 - (2-hydroxy-2-methy lpropyl ) -6 ,6 -d imethy l -2-p iper idone  (V) as co lor less  c rys ta l s  with 
mp 139-140 ~ (from ethyl acetate) which were quite soluble in the usual organic solvents .  IR spect rum (v, 
cm-1): 1650 (C = O ) ;  3210, 3285, 3380 (N-H,  O - H ) .  Found %: C 66.3; H 10.6; N 7.2. C~H21NO 2. Calcu-  
lated %: C 66.3; H 10.6; N 7.0. The fi l trate was evaporated,  and the residue was vacuum distilled to give 
0.3 g (23%) of I with bp 100-101 ~ (5 ram). 

Reaction of 6,6,7,7-Tetramethyl-2-quinuclidone with Phosphorus  Pentachlor ide .  A mixture of 3.35 g 
(18.5 mmole) of I and 5.0 g (24 mmole) of phosphorus pentachloride was refluxed for 5 h in 50 ml of benzene. 
The benzene solution was washed with water ,  dried, and evaporated in vacuo. The residue (1.9 g) was chro-  
matographed with a column fiIledwith A120 ~ (50 g) to give 0.95 g of a f ract ion (eluted with petroleum ether) 
which was vacuum distil led. The f irs t  f ract ion was 0.51 g (16%) of fl , f i -b is (2-methyl - l -propenyl )propioni t r i le  

353 



(VIII), which was a c o l o r l e s s  liquid with bp 90-92 ~ (3 mm)  and n~ 1.4616; IR spec t rum (v, cm-1): 2255 
(C ~ N), 1657 (C----C7. Found %: C 80.2; H 10.6; N 8.6. CIIHITN. Calcula ted %: C 80.9; H 10.5; N 8.6. 
The second f rac t ion  was 0.25 g (7.2%) of 2 - c h l o r o - 4 -  (2 -me thy l - l -p ropeny l ) -6 ,6 -d ime thy l -A2-dehydrop ipe r  - 
idine (VII), which was a co lo r l e s s  liquid with bp 116-118 ~ (3 mm) and n~ 1.4635. Found %: C 66.3; H 9.0; 
C1 18.0; N 6.8. CI1H18C1N. Calcula ted %: C 66.1; H 9.1; C1 17.7; N 7.1. The thi rd  f rac t ion  was 0.1 g of a 
product  with bp 130-140 ~ (3 ram) which, according  to e l e m e n t a r y  analys is ,  was a mix ture  of VII with a d i -  
halo der iva t ive  of 6 , 6 -d i m e t hy l -4 - (2 -m e t hy l - l - p ropeny l )p ipe r i d ine .  Fu r the r  elution with a mix tu re  of 
pe t ro leum e the r  and ch lo ro fo rm (1 : 1) washed out f i r s t  0.35 g (9.5%7 of V and then 0.49 g (15%) of 4 - (2 -  
m e t h y l - l - p r o p e n y l ) - 6 , 6 - d i m e t h y l - 2 - p i p e r i d o n e  (IV) as co lo r l e s s  c r y s t a l s  with mp 96-98 ~ (from cyclohex-  
ane), which were  quite soluble in the usual  organic  solvents ;  IR spec t rum (9, cm-1): 1640 (C -----07. Found 
%: C 72.7; H 10.4; N 7.5. CllH19NO. Calcula ted  %: C 72.9; H 10.5; N 7.7. 

4 - (2 -Cyano-2 -d ime thy lp ropy l ) -6 ,6 -d ime thy l -2 -p ipe r idone  (VI). A mix ture  of 0.6 g (3.3 mmole7 of I 
and 2 g (24 mmole7 of acetone cyanohydrin was allowed to stand at room t e m p e r a t u r e  for  96 h, a f t e r  which 
it  was diluted with 10 ml  of e ther ,  and the resul t ing  prec ip i ta te  of the monohydra te  of VI was f i l tered to 
give 0.38 g (51%7 of a yel lowish powder  with mp 167-168 ~ (decomp.). IR spec t rum (9, cm- l ) :  3200-3450 
( N - H ) , 2 1 8 5  ( C ~ N ) ,  1668 (C~---O). Found%:  C 63.5; H 9 . 4 ; N 1 2 . 9 .  CI2H20N20 "H20. Ca lcu la ted%:  C 
63.7; H 9.8; N 12.8. 

2 ,2 ,6 ,6 -Te t r ame thy l -4 - (2 -hydroxye thy l )p ipe r id ine  (X-I). Compound Il ia [2.13 g (10 mmole)]  was r e -  
duced by 0.4 g (10 mmole)  of l i thium aluminum hydr ide  in 40 ml  of e the r  for  3 h at 35 ~ to give 1.73 g (93%) 
of c o l o r l e s s  c r y s t a l s  of XI with m p  63-64 ~ (from alcohol) which were  quite soluble in the usual  organic  
solvents  and sl ight ly soluble in e the r .  Found%: C 71.4; H 12.2; N 7.6. ClIH23NO. Calcu la ted%:  C 71.3; 
H 12.5; N 7.6. The hydrochlor ide  was obtained as co lo r l e s s  c r y s t a l s  with mp 228-230 ~ which were  quite 
soluble in alcohol and wa te r  and insoluble in e ther .  Found %: C1 16.2; N 6.4. CllH2~NO �9 HCI. Calcula ted 
%: C1 16.0; N 6.3. 

React ion of 6 ,6 ,7 ,7 -Te t ramethy l -2-qu inuc l idone  with Lithium Aluminum Hydride.  Compound I [2.8 g 
(15 mmole)]  was reduced  with 1.6 g (30 mmole)  of l i thium aluminum hydride  in 70 ml  of e the r  for  5 h at 
35 ~ The usual  workup gave  0.06 g of V, which was only sl ightly soluble in e ther ,  and the remain ing  c o m -  
pounds were  vacuum dis t i l led.  The f i r s t  f rac t ion  was 0.9 g (32%) of s ta r t ing  I with bp 100-101 ~ (5 mm) .  
The second f rac t ion  was 0.35 g (12%) of XI with bp 116-118 ~ (5 ram), which c rys t a l l i zed  on standing to give 
co lo r l e s s  needles  with mp  63-64 ~ The thi rd  f rac t ion  was 0.31 g (11%) of 2 - [ ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r -  
idyl )ace toxy]-6 ,6 ,7 ,7- te t ramethylquinucl id ine  (XII) as a v iscous ,  yel low liquid with bp 126-128 ~ (5 ram); IR 
s p e c t r u m  (v, cm-1):  3200-3300 (N-H) ,  1750 (C~-~O). Found%: C 72.3; H 11.2; N 7.7. C22H40N202. Calcu-  
l a t ed%:  C 72.4; H 11.1; N 7.7. 
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