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TABLE I 
CHLORAL-HYDRAZONE ADDCCTS 
Approximate 

Method of MP, half-life Nmr spectrum, 6 ,  ppm 
Hydrazone prepn O C  a t  30°, hr Formulaa (in CD3COCDs with TMS) 

MeZNN=CHg A, B 65 102 CjHoCl3X20 6.60 (d, 1, J = 5 Hz, =CH), 5 .42 
(Adduct: 2-Hydroxy-3,3,3-trichloro-l-propanone (broad s, 1, exchangeable, OH), 

dimethylhydrazone) 4 .63 id, 1, J = 5 Hz, =CHCHOH), 
2 .85 [s, 6, (CHs)tN] 

EtMeNN=CHzb B 32. 102 Ce,HiiClaNzO 6.60 (d, 1, J = 5 Ha, =CH), 5.53 
(Adduct: 2-Hydroxy-3,3,3-trichloro-l-propanone (d, 1, J = 7 Hz, exchangeable, OH), 4.66 

(m, 1, =CHCHOH), 3 .32 (9, 2, J = ethylmethylhydrazone) 
7 Hz, C H ~ C H Z X ) ,  2 .78 (s, 3, CH&), 
1.02 (t, 3, J = 7 Hz, CHaCH2N) 

E tzNX=CHzb B Oil 102 C7Hi3Cl3N2Od 6 .65  (d, 1, J = 5 Hz, =CH), 4.65 

[q, 4, J = 7 Hz,  (CHaCH2)2N], 3 . 2  

J = ~ H z ,  (CHaCHz)2N] 

(Adduct: 2-Hydroxy-3,3,3-trichloro-l-propanone (d, I, J = 5 Hz, =CHCHOH), 3.32 
diethylhydrazone) 

(s, I, exchangeable, OH), 1 .12 [t, 6, 

[Me21\"=CH-] 2 A 78 103 CsHi.rC13N40se 7.03 (s, 2, NHCHO-), 6 .6  (s, broad, 2, 
exchangeable, NH),  5 .23 
[s, 1, (-O)&HCCl,], 2 .82 
[s, 12, (CHa)zNl 

a Anal. All C values f0 .38 ,  H h0.14 of theoretical, except where stated. F. E. Condon, unpublished work. c d 2 j ~  1.3081 g/cni3 
(supercooled liquid). d Anal. Calcd for C7H13C13K:O: C, 33.98; H, 5.30. Found: C, 35.67; FI. 5.36. 1: 1 Adduct with chloral 
hydrate (6). Anal. Calcd for CsHi7Cl3?UT4O2: C1, 18.24; N, 34.54. Found: C1, 17.71; X, 34.27. 

hydrazones on the one hand and to chloral on the other. 
I n  the hydrazone, the methylenic carbon is rendered 
nucleophilic by electron release from the more remote 
n i t r ~ g e n , ~  MezN +=XCH2-; and in chloral, electron 
withdrawal by three chlorine atoms imparts unusual 
stability to products of addition of nucleophilic reagents 
to the carbonyl group, including water ("chloral hy- 
drate") and hydra~ ine .~  

Other, simple aldehydes apparently do not react 
with hydrazones as does chloral. Formaldehyde di- 
methylhydrazone (1) is commonly obtained in high 
yield by reaction of diniethylhydrazine with an excess 
of f~rmaldehyde.~ The reaction is not complicated by 
further reaction of 1 with the excess formaldehyde. 

Reaction of chloral with glyoxal bisdimethylhydra- 
zone (3) was carried out with the expectation of ob- 
taining a bischloral adduct. The product, however, 
corresponded to a 1: 1 adduct of 3 with chloral hydrate 
and its nmr spectrum (Table I) is consistent with its 
formation as 2-trichloromethyl-4,5-bis(2,2-dimethyl- 
hydrazino)dioxolane (6). The product 6 was much 

Me2NNHCHO I )HCch 

MezNNHCHO 
6 

more stable than the adducts 5; 6 had a half-life a t  
room temperature of several weeks. 

Structure 6 can exist as three geometric isomers 
(two meso forms and a racemate). The simplicity 
of the nmr spectrum (the hydrogens on C-4 and C-5 
giving a singlet) indicates a high degree of symmetry, 
characteristic of a me30 form, with the hydrogens on 
C-4 and C-5 cis to one another; it does not permit a 
decision regarding the relative configuration of the 
hydrogen on C-2. 

(3) S. F. Nelson, J. Or0 Chem. ,  34, 2248 (1969). 
(4) C K. Yiannios, A .  C. Hazy, and J. V. Karabinos, zbzd., 33, 2076 

(5) J. B. Class, J. G .  Aston, and T. B. Oakwood. J. Amer. Chem. Soc., 76, 
(1968). 

2937 (1953). 

Experimental Section 

Method A,-Chloral (containing about 4y0 of a stabilizer) 
was added in the course of about' 1 hr to an equivalent' amount 
of the hydrazone with stirring and cooling to maintain the 
t,emperature a t  10-15'. Crystal formation began almost imnie- 
diately and continued for several hours under refrigeration. The 
crude solid product thus obtained in quantitative yield was 
purified with some loss by recrystallization from petroleum 
ether (bp 30-60") or a mixt,ure of ethyl ether and petroleum 
ether. 

Method B.-A 10% aqueous solution of chloral was prepared 
and freed of stabilizer by filtration. An equivalent amount of 
the hydrazone (or of formaldehyde and 1,l-dimethylhydrazine) 
was dissolved in the solution, and the mixture was allowed to 
stand at room temperature for several hours or under refrigera- 
tion for a day or two. The crystalline product or oil was sep- 
arated. If crystalline, it was purified as before. Oily products 
were washed several times with cold water and then dried under 
vacuum without heating. An oily product from formaldehyde 
methylethylhydrazone crystallized after several days at - 10". 

Registry N o . 4  (R1 = Rz = Me; R3 = H), 36259- 
R2 = Me, Rs = H),  36259-19-5; 17-3; 5 (RI = Et; 

5 (RI = Rz = Et; R3 = H), 36259-18-4; 6, 36259- 
20-8. 
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We have previously report'ed that' the Schmidt and 
Beckmann rearrangements of t'he homoadamantan- 

( I )  P a r t  XX: T. Sasaki, S. Eguohi, T. Toru, and K. Itoh, J .  Amer. 
Chent. Soc., 94, 1367 (1972). 
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4-one system afford normal rearrangement products 
together Tvith somc tctrasole derivatives, contrary 
to those of thc adamantan-2-ont system, where the 
Schmidt and Beckmann fissions have occurred ex- 
tensively.2-6 As an extension of these studies, this 
note describoh a facile fragmrntation of 4-azatricyclo- 
[5.3.1. 13t9]dodecan-5-one to 7-cyanomethylbicyclo- 
[3.3.l]non-2-enc. 

When anti-homoadamantan-4-one oxime (1) was 
trcatcd with a large rxcess of polyphosphatc ester 
(PPE) in chloroform under rtfluxing for 0.5 hr, t ~ o  
products, 2 and 3, lvrre obtained in 21 and 64y0 
yields, rcspectivcly. The same reaction for 1 hr 
afforded only 3 in 7953, yield. Compound 2 was char- 
acterized as the normal Beckmann rearrangement 
product, 4-azatricyclo [ 3.3.1.1 3~~]dodccnn-5-onc, by 
spectral comparison with an authentic sample? and by 
its reduction to 4-azatricyclo [3.3,1.13~9]dodccanc (4) 
(Schemc I). Compound 3 was obtained as a colorless 
oil and had a molecular formula C11H16N on the basis 
of analysis and maw spectral data, m/e 161 (31+). 
I r  (neat) absorptions at 2280 and 1641 cm-I demon- 
strated the prtscncc of C=S and C=C moictics in 
3. The nmr (CC14) spectrum of 3 exhibited signals 
a t  7 3.7-4.5 (m 2, CH=CH) and 7.3-8.6 (m, 13, other 
protons), xvhich were shifted to T 3.1-4.1 (m, a), 
5.48 (d, J = 6.2  HZ, 2 ,  CHCH2CK), and 6.0-9.0 
(m, 11) by an addition of the shift reagent, tris(di- 
piva1omethanato)europium [ E ~ ( d p m ) ~ / 3  = 0.459].7 
Thus, the structure of 3 was assigned as 7-cyanomethyl- 
bicyclo [3.3.l]non-2-enc. An endo configuration of the 
7-cyanomethyl group was assignable from the mode of 
formation. The conclusive evidence of the assign- 
ment was obtained by conversion of 3 to ethyl bicyclo- 
[3.3.l]nonan-3-endo-acetate (7) via 5 and 6, and by 
an alternativc synthesis of 7 from bicyclo[3.3.1]- 
non-6-ene-3-endo-carboxylic acid (8)6 via 9, 10, and 
11 (Scheme I). 

Treatment of 1 with phosphorus pentachloride also 
gave 3;  reactions with an equimolar amount of p -  
toluenesulfonyl chloride and with excess hydrogen 
chloride gave only 2 (Table I). 

The data in Table I indicate that the longer reac- 

TABLE I 
BECI<MANN IIEARRANGMENT OF 1 UNDER VARIOUS CONDITIONS 

Reac- Re- 
tion Products,a cov- 

Catalyst Sol- Raaction time, -%-- % 
(mol ratio) vent temp, 'C lir 2 3 1 

PPG CIIC13 Reflux 0 . 5  21b 64* 0 
(large excess) 

(large excess) 
pci6 Et20 Roomtemp 48 83 17 Trace 
(2 .4)  
PClS CIICh Roomtemp 15 64 0 36 
(4) 
HCI C113CN 80 2 56 0 44 
(39) 
TsCl DhII: Roointemp 20 83 0 17 
(1) 

PPE CIIC13 Reflux 1 0 79b 0 

a Glpc analysis. * Isolated yield. 

(2) T. Sasaki, S. Eguclli, and T. Toru, J. Org.  Chem., 36, 2454 (1971). 
(3) J. G. Iiorsloot, T'. G. Keizer, and J .  L. M .  A.  Schlatmann, R e d .  Trau. 

(4) V. L. Sarayanan  and L. Betescak, J .  Heterocycl.  Chem.,  6, 445 (1969). 
(5) J. G. Iiorsloot and V. G. Iieizer, Tetrahedron Lett., 3517 (1969). 
(6) T. Sasaki, S. Eguchi, and T. Toru. J .  Org.  Chem., 35, 4109 (1970). 
( 7 )  J .  Ii. 171. Sanders and D. H. Williams, J .  Amer. Chem. Soc., 93, 641 

Clizm. Pags-Bas, 88, 447 (1969). 

(1971). 

SCHEME I 

PY 
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12, Y = OPPE or 
c1 

11 + 

3 
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LiAIH, 1 
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HI-Pd/C 1 
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EtOHlAp.0 t 
6 

9, X = O H  
10, x = c1 
11, X = CHNz 

tion time favors the formation of the fission product 3 
in the reactions of 1 with PPE and PClo. This fact 
suggests that 3 may be produced by a secondary reac- 
tion of 2 or its equivalent 12. I n  fact, treatment of 
2 with PPE and/or PClj afforded the fission product 
3 (Scheme I). 

The facile ring fission of 2 can bc ascribed to the large 
ring strain involved in the ring system.8 The less 
fitrained 4-azatricyclo [4.3.1.13~8]undecan-5-one (13) 3--6 

and monocyclic pyrrolidone 15 afforded no trace of 
the corresponding unsaturated nitrile derivatives 14 
and 16 on treatment with PPE. Hcnce, the formation 
of 3 from 1 i3 explained by a secondary fission of the 
primarily produced 12 by the normal Bccl- \mann rear- 
rangcment of 1.9 

13 -ff, 14 15 7$'+ 16 

(8) For the calculated total strain energies cf the related carbocyclic ring 
systems, see footnote 25 in ref 1 and footnote 13 in ref 2. 

(9) This is compatible with our previous postulation that the homoada- 
mantan-4-one system rearranges normally in the Beckmann and the Schmidt 
reactions. 
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The facile formation of 3 map bc useful for prepara- 
tion of Pome bicyclo [3.3.1 lnonane derivatives and 
possibly of Rome homoadamantane derivatives.'O 

Experimental Section11 

Beckmann Rearrangement of a,nti-Homoadamantan-4-one 
Oxime (1) with WE.-The reaction was carried out, similarly 
to the reported procedureZ but by nsing a large excess of PPE. 
A mixture of 1 (900 mg, 5.02 mmol) and PPE (18 g)  in chloro- 
form (-5 nil) was refluxed for 0.5 hr and the cooled mixture was 
poured onto ice-water (300 ml). The work-up and purification 
on a silica gel column eluting with chloroform afforded 7-cyano- 
methylbicyclo[3.d.l]non-2-ene (3) as the first fraction (318 mg, 
64%): mass spectrum m / c  (re1 intensity) 161 ( 5 2 ,  M+), 134 
( loo) ,  and 119 (44). 

Anal. Calcd for C1lIIILV: C, 81.93; H ,  9.38; N, 8.69. 
Found: C, 82.18; H ,  9.32; N, 8.50. 

The second fraction gave 4-azatricyclo[3.3.1.1~~9]dodecan-5- 
one (2) (189 mg, 21yc) as colorless crystals, mp  184-18.5' (lit.2 
mp 184-18.5"). 

Conversion of 2 to 3. With PPE.--il mixture of 2 (30 
mg, 0.16 mmol) and P P E  (540 mg) in chloroform 10.2 ml) was 
heated at 85" for 0.5 hr. Glpc ana 
after work-up revealed the formation o 

With PClj.-A niixttire of 2 (30 mg, 0.16 mmol) and PClj 
(80 mg, 0.38 nimol) in dry ether (.5 ml) was stirred for 69 hr a t  
room tempernture. The mixture was poured onto ice-water, 
neutralized with 10yc aqueous potawium hydroxide, and ex- 
tracted with chloroform (3 x 10 nil). Dried (MgSOa) ext,ract 
was evaporated to give crude product, which was analyzed on 
glpc to reveal the formation of 3 in 87, yield and the recovery of 
2 (927,). 

Reduction of 2 to 4-Azatricyclo[5.3.1.13~g]dodecane (4).-A 
mixture of 2 (280 mg, 1.36 mmol) and lithium aluminum hydride 
(-500 mg) in dry tetrahydrofuran (1.5 ml) was refluxed for 120 hr. 
Excess reagent was decomposed by adding water to the cooled 
mixture. The diluted mixture was extracted with ether ( 3  x t50 
ml) and the combined extracts were dried (NanSOa) and evapo- 
rated to give 4 (242 mg, 94%) which was purified by sublimation: 
mp  197-189'; ir (KBr) 3430, 2920, 1440, 1260, and 1160 em-'; 
nmr (CDClr) T 6.0 (s, 1, KH),  6.34 (m, 1, CJ 11), 6.6-7.2 (m, 2, 
Cj methylene), and 7.7-9.0 (m, 15, other ring protons); mass 
spectrum mlc (re1 intensity) 163 (100, &I+), 164 (64), 150 ( a O ) ,  
136 (27), 122 (54), and 108 (57). 

A,nal. Calcd for CllHlqN: C, 79.94; H ,  11.59; K, 8.48. 
Found: C, 79.69; H, 11.56; N, 8.23. 

Hydrolysis of 3.-A mixture of 3 (600 mg, 3.72 mmol), 
ethanol (12 ml), potassium hydroxide (12 g),  and water (48 ml) 
was refluxed for 64 hr under nitrogen atmosphere. The cooled 
mixture was diluted with water (300 ml) and waehed with n- 
hexane ( 3  X 30 ml).  The water layer was acidified wit,h 10% 
hydrochloric acid (pH ea. 5) and ext,racted with chloroform 
(7 X 60 ml).  The combined extracts were dried (NanS04) and 
evaporated to give bicyclo[3.3.l]non-6-ene-3-endo-acetic acid ( 5 )  
as an oil ( . 5 3 3  mg, 82.7%): ir (neat) 3400-2.500, 1695, and 1640 
cm-l; nmr (CCla) 7 -1.79 (s, 1, COOH), 4.42 (m, 2, CH=CH), 
and 7.5-9.0 (m, 13, other protons); mass spectrum mle (re1 
intensity) 180 (3.5, M+), 179 (16), 161 (69), 142 (99), 129 (45), 
and 115 (100). 

Anal. Calcd for C1lHIEOY: C, 73.30; H, 8.95. Found: C, 
73.60; H ,  8.65. 

Hydrogenation of 5.-A mixture of 5 (550 mg, 3.06 mmol), 
ethanol (30 ml), and 57, Pd/C (300 mg) was hydrogenated a t  
room temperature under an atmospheric pressure for 13 hr. The 
catalyst was removed by filtration through Celite arid the solvent 
was evaporated t o  give bicyclo[ l]nonan-3-endo-acetic acid (6) 
(560 mg, 100%) as colorless tal$. Recrystallization from 
n-hexane afforded an analyt sample: mp 83-85..i0; ir 
(KBr) 3500-2400 and 1693 cm-'; nmr (CDC1,) T 0.76 (s, 1, 
CcbOI1), 7.87 (d, .J = 7.5 Hz, 2, -C€ICH,COOH), and 
7.6-9.3 (m, 15, other protons): nia pectrum na/e (re1 intensity) 
182 (6, lL+), 164 181, 123 (341, 122 (301, and 44 (100). 

A. 

B. 

Anal. Calcd for CltHlaO?: C, 72.49; IT, 9.06. Found: C, 
72.7*5; H, 9.70. 

Ethyl Bicyclo[3.3.l]nonan-3-cnclo-acetate (7). A. From 6.- 
A niixture of 6 (188 mg, 1.03 nimol), ethanol (12 nil), and 47% 
boron trifluoride etherate (300 mg) was refluxed for 1 day. The 
cooled mixture was poured onto +5% aqueous sodium carbonate 
(60 ml) and extracted with ether ( 3  X 20 nil). The combined 
extracts were washed with water and dried (lIgSOa).  Removal 
of the solvent gave 7 as an  oil (200 mg, 927,): ir (neat) 2920, 
1730, and 1160 cm-l; nmr (CDCl,) T -5.73 (q, J = 7.2 Hz, 2, 

7.2 Hz, 3, CH?CHa), and 7.7-9.2 (m, 15, other protons); mass 
spectrum m/e (re1 intensity) 210 (10, ILL+) ,  183 (13), 165 (76), 
137 (36), 123 (85), 122 (go), and 95 (100). 

Anal. Calcd for CI3Hn2O2: C,  74.24; H ,  10.54. Found: C, 
74.46; K, 10.32. 

B. From Bicyclo[3.3.l]non-6-ene-3-endo-carboxylic Acid (8). 
-A niixture of S5 (300 mg, 3.01 mmol), ethanol (10 nil), and 
platinum oxide (100 nig) was hydrogenated under an atmospheric 
pressure at  room temperature for 1 day. The catalyst was 
removed by filtration through Celite and the solvent was re- 
moved to give colorless solid, which was recrystallized from 
ethanol to afford bicyclo[3.3.l~nonan-3-~~nclo-carboxylic acid (9) 
as crystals (4.50 mg, 90%): mp 132-133"; ir (KBr) MOO-2500 
and 1683 em-'; nmr (CDC13) T - 1.18 (s, 1, COOH) and 7.2-9.1 
(m, 15, ot,her protons). 

Anal. Calcd for CloH,sO?: C, 71.39; H, 9.Z9. Found: C, 
71.20; H ,  9.4.5. 
To an ice-cooled solut,ion of 9 (200 mg, 1.19 minol) in dry R- 

hexane (4 ml) was added thionyl chloride (0.3 nil, 4.2 mmol) and 
the mixt,ure was stirred for 1 day at room temperature. Evap- 
oration of the solvent gave crude acid chloride 10 as an oil, ir 
(neat) 1800 em-', which was dissolved in dry ether (7 nil) and 
treated with an excess ethereal diazornethane for 1 day. Re- 
moval of the solvent and the excess diazomethane afforded 
diazo ketone 11 as a yellowish oil, ir (neat) 2920, 2110, and 1720 
cm-l. The crude 11 was dissolved in ethanol (12 mlj and pre- 
cipitates of polymethylene were removed by filtration. To the 
filtrate was added freshly prepared silver oxide (100 nip) and 
the mixture was refluxed for 3 min. Silver oxide was removed 
by filtration and the solvent waR removed to leave crude product, 
which was purified on a silica gel column eluting with chloroform 
to afford a colorless oil (105 mg). Olpc analy& (3% silicone 
SE-30 on Varaport 30, a t  180') of this oil indicated the formation 
of 7, homoadaniantan-4-one, and methyl bicyclo[3.3.l]nonan- 
3-endo-carboxylate in a 63.3:23.4: 11.3 ratio. 

CHYCH,), 7.80 (d, J = 7.80 Hz, 2, CHCH?COO-), 8.01 (t ,  J = 

Registry No.-l, 26770-89-8; 2,  29S63-S6-3; 3, 
36358-19-7; 4, 33273-76-6; 5 ,  36411-20-8; 6, 36338- 
21-1 7,36355-22-2; 9,19489-15-0. 

Thermal Cycloaddition of Cyanoallene 
and l-(N-iMorpholino)cyclohexene' 

JOHN E. B.~LDWIN,* 1 t o ; v . l ~ ~  H.  FLI:MIXG,~ 
AND D1.IK.C i\l. SIMMONS 

Department of Chemistry, Universitij of Orcgon, 
Eugenr, Orcgon or403 

Received J i m  15, 1972 

Cyanoallene and 1-(N-morpholino) cyclohexene com- 
bine thermally t o  produce a 1 : 1 adduct, mp 7G0, formu- 
lated as 1-(N-morpho1ino)-9-cyanobicyclo [4.3.0]non- 
8-ene, l b 3  The morpholino enamine derived from cy- 
clopentanone react3 with cyanoallenc to give a similar 

(10) Cf. (a) D. J. Raber, G. J. Kane, and P. v. R .  Schleyer, Tetrahedron 
Lett., 4117 (19iO); (h)  M .  A. R'IcIiervey, D. Faulkner, and H. Hamill. 
tbtd. ,  1971 (1970): (e) R.  M. Black and G. B. Glll, J .  Chem. Soc. C, 671 
(1970). 

(11) Cf. footnote 27 in ref 6. 

(1) Supported by the National Science Foundation and Hoffmann- 
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