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of acetic anhydride in absolute ethanol. The effectiveness 
of this method of monoacetylation12 should be noted. 

Experimental Section 
3-Hydroxy-3-methyl-2-butanone. To a warm vigorously 

stirred solution of 65 g of yellow mercuric oxide in 500 ml of water 
and 90 ml of concentrated sulfuric acid was added dropwise 420.5 g 
(5.0 mol) of 2-methyl-3-butyn-2-o18 during 1.5 hr. The mixture was 
then heated to 70' for 30 min, cooled, and filtered through a Celite 
layer. The organic product was extracted into ether and the ether 
layer washed with water and NaHC03 solution. After pouring 
through a layer of MgSO, the solvent was removed and the residue 
distilled to yield 409.5 (80%) of 3-hydroxy-3-methyl-2-butanone, 
bp 137.8-139.0' (750 mm). 
1-Acetylcyclohexanol. In a similar way 620 g of l-ethynylcy- 

clohexano18 was converted into 640 g (90%) of l-acetylcyclohexan- 
01, bp 100-101' (25 mm). 
3-Hydroxy-3-methyl-2-butanone Oxime. To a well-stirred so- 

lution of 102.1 g (1.0 mol) of 3-hydroxy-3-methyl-2-butanone, 112 
g of hydroxylamine hydrochloride, 400 ml of ethanol, and 50 ml of 
water was added portionwise 80 g of NaOH pellets. After heating 
to reflux for 10 min after the NaOH had all dissolved the reaction 
mixture was cooled and diluted with 500 ml of water, and the 
product isolated by ether extraction. On distillation 90 g (84%) of 
the oxime, mp 86-87', was obtained. 
I-Acetylcyclohexanol Oxime. In a manner similar to the 

above 142 g of 1-acetylcyclohexanol was converted into the oxime 
which was isolated by crystallization from benzene instead of dis- 
tillation. The product, mp 104-105', was obtained in 90% yield. 
3-Amino-2-methyl-2-butanol (1). A solution of 23.4 g (0.2 

mol) of 3-hydroxy-3-methyl-2-butanone oxime in 125 ml of freshly 
distilled absolute ethanol was shaken with 1.25 g of 5% rhodiuni- 
on-alumina12 a t  about 40 psi for 9.5 hr. After removal of the cata- 
lyst by filtration through Celite, there was obtained 19.0 g (94%) of 
1, bp 59-61O (2 mm), as a colorless oil. The vacuum should be bro- 
ken through a KOH tower in order to prevent access of COZ which 
produces a colorless solid immediately on contact with 1. For acet- 
ylation 10.3 g (0.1 mol) of the freshly distilled amine was dissolved 
in 75 ml of ethanol and treated dropwise with 10.2 g (0.1 mol) of 
acetic anhydride. After refluxing the mixture for 30 min the alco- 
hol was removed under reduced pressure. Vacuum distillation af- 
forded a white solid which was recrystallized from benzene-hexane 
to yield 13.3 g (92%) of 3-acetylamino-2-methyl-2-but,anol, mp 
83.5-84.5'. This compound proved identical with that  prepared 
previously by Liang13 by the hydrolysis of 4,5,5-trimethyloxazoli- 
done to  1 followed by acetylation essentially as above. 

Anal. l4 Calcd for C7H15N02: C, 57.9; H, 10.4. Found: C, 58.1; H,  
10.3. 
1-(1-Aminoethy1)cyclohexanol (2). A solution of 31.4 g (0.19 

mol) of 1-acetylcyclohexanol oxime in 150 ml of freshly distilled 
ethanol was reduced for 48 hr a t  60-65' over 5% rhodium-on-alu- 
mina a t  40-50 psi. The reaction mixture was worked up as for I to 
yield 25.7 g (90%) of 2, bp 150-153' (40 mm), sensitive to COS. For 
acetylation 21.5 g (0.14 mol) of 2 in 100 ml of ethanol was treated 
with 15.4 g (0.15 mol) of acetic anhydride as in the case of 1. After 
isolation as above there was obtained the acetylamino compound 
which distilled a t  138-140O (4.5 mm). The solid distillate was re- 
crystallized from acetone-benzene to yield 24.6 g (90%) of 1-(1- 
acetylaminoethy1)cyclohexanol: mp 107-108°; nmr (CDC13) 6 1.14 
(d, 3 H, CHCHB), 1.50 (m, 10 H, cyclohexyl protons), 1.99 (s, 3 H, 
COCH3), 3.27 (s, 1 H, OH), 4.00 (m, 1 H, CNCH3), and 6.70 (m, 1 
H, NH); ir (KBr) 3.00 (NH and OH) and 6.10 p (>C=O). 

Anal. l 4  Calcd for CloH19N02: C, 65.0; H, 10.2; N, 7.6. Found: C, 
64.9; H, 10.4; N, 7.5. 

Registry No.-I, 6291-17-4; 2, 3183-55-9; 3a, 115-19-5; 3b, 78- 
27-3; 3-hydroxy-3-methyl-2-butanone, 115-22-0; l-acetylcyclohex- 
anol, 1123-27-9; 3-hydroxy-3-methyl-2-butanone oxime, 7431-25- 
6; hydroxylamine hydrochloride, 5470-11-1; 1-acetylcyclohexanol 
oxime, 53336-53-1; 3-acetylamino-2-methyl-2-butanol, 53336-55-3; 
1 -(l-acetylaminoethyl)cyclohexanol, 53336-54-2. 
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The lithium aluminum hydride (LiAlH4) reduction of 
the 9b-aryl-1,2,3,9b-tetrahydro-5H-imidazo[2,l-u]isoin- 
dol-5-ones ( la  and Ib) in refluxing diethyl ether has been 
reported to give the l-aryl-l,2,3,4,5,6-hexahydro-2,5-ben- 
zodiazocines (Za-and 2b)l-* and 2-(2-aminoethyl)-l-phenyl- 
isoindole (3)3. 

R 
I 

Reflux 

la, R H 
b, R = C1 

2 a ,  R = H 
b, R = C1 

We have carried out the LiAlH4 reduction of 1 in te- 
trahydrofuran (THF) a t  20-25' and found that the reac- 
tion leads to different products. In the present repor t ,  our 
findings with 9-(p-chlorophenyl)-l,2,3,9b-tetrahydro-5H- 
imidazo[2,1-a]isoindol-5-one ( lb)  are g i v e ~ i . ~  

Compound l b  was treated with LdiA1H4 in T H F  a t  20- 
2 5 O  and then hydrolyzed with aqueous sodium hydroxide. 
After standing for about 4 hr at room temperature, the 
mixture was dried with anhydrous Na2S04 to give a com- 
pound with ir and nmr spectrum in agreement with the 
phthalimidine (4). The same phthalimidine was obtained 
when 1 b was hydrogenated in the presence of platinum. 

When the reduction was carried out as above and treated 
immediately after hydrolysis with anhydrous NaZS04, a la- 
bile solid compound A, isomeric with 4, was isolated in 95% 
yield. 
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Table I 
13C-Nmr Chemical Shifts 

Compda 

lb 5 9 10 11 

C-Atom' PPm c -AtomC PPm C-Atomd Ppm C &tomd Ppm c AtombfC Ppm 
___- 

21.5 5 48.4 9a* 49.3 1' 53.0 51.7 1' 
45.3 Da 49.5 5a* 49.9 1 64.0 2',3',4' 64.5 2',3',4' 

53.4 1' 51.0 11 63.2 2,6 65.0 5',6' 65.0 5',6' 
59.3 4' 59.5 4' 2',6'* 94.6 1 107.9 2 
60.0 8 60.4 8 60.9 4 127.7 5 136.8 5 
60.4 5a 63.6 2',6'* 64.7 3,5 138.1 4 147.9 4 

to to 

63.2 7 64.3 7 3',5'* 154.1 NCH, 154.0 NCH3 

64.6 3',5'* 68.8 6* 116.1 C-CY 
64.1 2',6'* 65.1 3',5'* 65.4 4' 

68.8 6* 69.7 9* 148.5 N(CH3)2 
69.1 9* 98.1 9b 

103.0 9b 98.8 5 
141.8 3 139.5 3 
150.6 2 144.6 2 

a The solvent was DMSO-deICHCl3. See ref 11 for experimental procedure. * The assignment of those C atoms marked with an asterisk 
(*) is uncertain. The 13C nmr of toluene and chlorobenzene were used as references to assist in these assignments. The I3C nmr of tetra- 
hydrofuran and N-methylpyrrolidine were used as references to  assist in these assignments. 

c1 The formation of 4 may proceed by a hydration-dehy- 
dration pathway uia the dihydroxyisoindoline (8a). The 
same type of intermediate (8b) has been proposed by Met- 
lesicss to account for the formation of the dechloro analog 
of 4 from o-benzoylbenzaldehyde and ethylenediamine in 
aqueous alcohol. 

R 
0 

4 

The ir spectrum of A gave an NH or OH band at 3.10 w 
and no absorption in the carbonyl region. The nmr spec- 
trum in DMSO-a! 6 gave two sets of 2 H multiplets between 
6 2.6 and 3.2, a broad singlet a t  3.40, a 2 H quartet6 cen- 
tered a t  5.60, and 8 aromatic protons. On treatment with 
D20, the 1 H singlet a t  6 3.40 exchanged and the 2 H quar- 
tet a t  5.60 collapsed to a 1 H singlet a t  5.62. 

To  account for the above data, we considered A to have 
either structure 5 or 6. Compound 5 is obtained by direct 

c1 I 

C1 

OH 
HO 

H 

2) \ x 

H 
0 

5 6 7 

reduction of the carbonyl group in lb,  whereas 6 is a tauto- 
meric form of 6-p- chlorophenyl-3,4,5,6-tetrahydro-2,5- 
benzodiazocin-l(ZH)-one (7),  an intermediate proposed4 in 
the diethyl ether-LiAlH, reduction of I b  to 2b. 

When A was dissolved in THF-H20 (9:1), a solvent sys- 
tem approximating that which gave 4, and maintained a t  
room temperature for ca. 20 hr, it was transformed into 4. 
The rearrangement of 5 (compound A) to 4 has previously 
been reported by Sulkowski.7 

8a, R C1 
b ,  R= H 

Structure 5 is more consistent with the nmr spectrum, 
whereas the formation of 4 from A in THF-H20 is better 
explained by structure 6. To distinguish between these 
structures, we turned to a 13C nmr investigation. The two 
most significant C atoms for study in these compounds, C-5 
and C-9b, are in such dissimilar environments that com- 
parison of A with relevant model compounds should distin- 
guish the structures. The model compounds selected for 
comparison with A were Ib, 9,10, and 11. 

The I3C nmr of A gave the C-5 and C-9b carbon atom 
signals a t  98.1 and 98.8 ppm upfield from CS2. The relevant 
13C signals (circled atoms) in the model compounds were 
found a t  103 ppm in lb, 118.1 ppm in 9, 94.6 ppm in 10, 
and 107.9 ppm in 11. 

9 10 11 
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Compar ison  of these  values wi th  A clearly establishes 5 
as the correct s t r u c t ~ r e . ~ ~ ~ ~  The 94.6-ppm C a t o m  in 10 is i n  
an envi ronment  similar to C-5 in 5 and can be re la ted  wi th  
the 98.1-ppm signal in A. The 103-ppm C atom signal in l b  
is in an envi ronment  similar to C-9b in 5 and can  be related 
with the 98.8-ppm signal i n  A. The 116.1-ppm C a t o m  in  9 
and the 107.9-ppm C a t o m  in  11 a r e  relat,ed t o  C-5 and C- 
9h ,  respectively, in 6 and a r e  sufficiently different f rom t h e  
signals in A to  e l imina te  6 as a possible s t ruc ture .  

Experimental Section" 
Lithium Aluminum Hydride Reduction of 9b-p-Chloro- 

phenyl-1,2,3,9b-tetrahydro-5H-imidazo[2,l-a lisoindol-5-one 
(Ib). A stirred mixture of 1.68 g (0.044 mol) of LiAlH4 and 100 ml 
of dry THF, maintained under Nz, was cooled to an internal tem- 
perature of 15' and treated dropwise (10 min) with a solution of 
10.0 g (0.035 mol) of lb in 75 ml of T H F  while maintaining the 
temperature at  20-25O. Approximately 5 min after addition was 
complete, the mixture was cooled to an internal temperature of 10' 
and treated dropwise in turn with 2 ml of H 2 0 , 5  ml of 15% NaOH, 
and 5 ml of HzO while maintaining the temperature below Eo, 
The resultant mixture was allowed to stand for ea 4 hr a t  room 
temperature and then treated with 10 g of anhydrous NaZS04 and 
filtered The salts were washed with 25 ml of anhydrous THF and 
the combined filtrate was concentrated in uaeuo a t  a water bath 
temperature of 35". The resultant solid was stirred in anhydrous 
diethyl ether and filtered to give 8.1 g (80%) of 2-(2-aminoethyl)- 
3-(p-  chloropheny1)phthalimidine (4): mp 83-85' (EtnO-hexane); 
ir (KBr) 2.95 (NHz), 5.87 p (C=O); uv (95% EtOH) maxima 225 
mp ( c  23,800), 253 (3000) and 279 (1700); nmr (CDC13) 6 1.20 (2  H,  
"2, D20 exchangeable), 3.7 (HA), 2.6-3.1 (HB + 2Hc, ABCz m, 
HCHAHRCHCHCNH~), 5.52 (1 H, s, ArCHAr) 6.85-7.95 (8 H, m, 
aromatic H). 

Anal Calcd for C16HljC1Nz0: C, 67.0; H,  5.3; C1, 12.4; N, 9.8. 
Found: C, 67.1; H ,  5.3; Cl, 12.3; N, 9.8. 

The reduction was repeated as above through the hydrolysis 
stage. The resultant mixture was treated immediately after hydrol- 
ysis with 10 g of anhydrous MgS04. The mixture was stirred for ea 
5 min, and then filtered. The salts were washed with 25 ml of an- 
hydrous T H F  and the combined filtrate was concentrated ~n ~1acuo 
a t  a water bath temperature of 35" to give 9.6 g (95%) of 9b-p-chlo- 
rophenyl-1,2,3,9b-tetrahydro-5H-imidazo[2,l-a]isoindol-5-o1 ( 5 ) :  
mp 133-135' (lit.7 mp 144-146' dec or 135'); ir (KRr) 3.05-3.10 
(NH, OH); nmr (DMSO-&) 6 2.6-3.2 (4 H. 2 sets of multiplets, 
NCH&HzN), 3.40 (1 H,  broad s, DzO exchangeable, NH). 5.60 ( 2  
H, q, 1 H, DzO exchangeable, OH, C9H), 6.80-8.05 (8 H, C6H4, 4- 
CICfiH4); uv (95% EtOH) maxima 224 mu ( e  19,4001, 249 (3000), 
and 281 (1850); I3C nmr in Table I. 

Anal. Calcd for ClnH1&1NIO: C. 67.0: H. 5.3: Cl. 12.4: N. 9.8. 
Found: C, 67.1; H: 5.2;-C1;-12.3;-N, 9.7. 

Hydrogenation of lb. A mixture of 14.2 g (0.05 mol) of Ib, 0.30 
g of platinum oxide, and 150 ml of glacial acetic acid was placed in 
a Parr hydrogenation bottle and then attached to a Parr hydroge- 
nation apparatus. The bottle was evacuated and then filled with 
hydrogen to  a total pressure of 50 psi. After 3.0-hr agitation a t  
room temperature, the hydrogen uptake (1 equiv of Hz) ceased. 
The catalyst was filtered off and the filtrate concentrated in L'UCUO. 

The residue was treated with 2 N NaOH until the aqueous phase 
had p H  9. I t  was then extracted with chloroform, dried with anhy- 
drous MgS04, filtered, and concentrated to give 12.2 g (85%) of 4, 
rnp 84-85', This substance gave ir and nmr spectrum identical 
with 4 prepared by LiAlH4 reduction of lb. 

Conversion of 5 to 4. A solution of 1.0 g of 5 in 25 ml of THF- 
H20 (9:l) was stirred for ca. 20 hr a t  room temperature. The tlc 
analysis (CHCls-CH30H, 9:l)  revealed that 5 had been converted 
into a new substance. The solvent was removed in uacuo to give 
0.91 g of a substance that gave ir and lH nmr and mp (83-85') 
identical with 4 obtained in the LiAlHd reduction of lb.  
l-(p-Chlorophenyl)-l-phenyl-N,N-dimethylmethylamine 

(9). A solution of 10.4 g (0.05 mol) of 4-chlorbenzhydrol, 30 ml of 
thionyl chloride and 150 ml of dry chloroform was stirred and re- 
fluxed until gas evolution (HC1, SOz)  had ceased. The solvent was 
removed in uacuo and the crystalline residue dissolved in 150 ml 
of dry tetrahydrofuran, cooled in an ice bath, and treated dropwise 
with 50 ml of 2 N dimethylamine (0.10 mol) in tetrahydrofuran. 
The mixture was allowed to stand at  room temperature for ca. 7 
days and then concentrated in uacuo. The residue was treated 

with 100 ml of 5 N HC1 and 50 ml of benzene. The acid layer was 
separated, cooled in an ice bath, and treated with 50% KOH until 
the aqueous phase had pH 9.0. The mixture was extracted with 50 
ml of toluene, dried with anhydrous MgS04, filtered, and concen- 
trated in ~ ' a c u o  to give 3.1 g (25%) of 9 as a viscous oil: ir (CHClB) 
no OH bond; Rf 0.6 (CHC13-CH30H, 982). 

Anal. Calcd for C15H16ClN: 6, 73.5; H, 6.5; C1, 14.5. Found: C, 
73.3; H, 6.6; C1, 14.3. 

3-Methyl-2-phenyloxazolidine (10). A mixture of 13.1 g (0.123 
mol) of benzaldehyde, 9.2 g (0.123 mol) of N- methylethanolamine 
and 50 ml of benzene were stirred and refluxed in a flask with a 
Dean-Stark water separator until the water level in the separator 
remained constant (ea. 1 hr). The mixture was distilled to give 
17.1 g (85%) of 10: bp 55' (1.0 mm); ir (CHC13), no C=O bond; tlc 
[CHCla-CH30H (98:2)], one component; lit.1z bp 110-115O (18 
mm) . 

Anal. Calcd for CloH13NO: C, 73.6; H, 8.0; N, 8.6. Found: C, 
73.8; H, 7.9; N, 8.4. 
1-Methyl-2-phenylimidazolidine (11). A mixture of 10.6 g 

(0.10 mol) of benzaldehyde, 7.5 g (0.10 mol) of N-methylethyl- 
enediamine, and 50 ml of benzene were treated as in the prepara- 
tion of 9 to give 13 g (80%) of 11: bp 100" (1.0 mm); ir (CHClS), no 
C=O bond; tlc [CHC13-CH30H (98:2)], one component. 

Anal. Calcd for C10H14N2: C, 74.0; H,  8.7; N, 17.3. Found: C, 
74.3; H,  8.8; N, 17.2. 
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