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Treatment of the SJJII-epoxyaniide 3 with either aninioniuni hydroxide or sodium hydride gives 10, l l -  
dihydro-miti-1 l-hydroxy-lO,5-(iniinometl1ano)-5H-dibenzo[a,cl]cyclol1epten-l3-one (In). This compound 
is rcadily converted to the SJ~II-epimer l c  by oxidation to 10 and subsequent hydrogenation. The ketone l b  
reacts with Grignard reagents to give the tertiary alcohols lk,l  which undergo hydrogenolysis to give the 
11-substituted lactains lq,r. Reduction of the lactams with lithiuiii aluniinium hydride gives the corre- 
sponding aniines. 

Canadian Journal of Chemistry, 46, 3391 (1968) 

We have recently described the preparation of 
a number of l0,ll-dihydro-l0,5-(epoxymethano)- 
5H-dibenzo[a,d]cyclohepten-13-ones (1, 2). The 
present paper outlines a general route to 11-sub- 
stituted-l0,ll-dihydro-l0,5-(iminometha110)-5H- 
dibenzo[a,d]cycloheptene derivatives 1 and 2. A 
different approach has been used by other workers 
(3-6) to prepare other derivatives and the ring 
system has been shown to occur naturally in 
the alkaloids amurensine, amurensinine, and 
roemfrine (7,8). 

l e '  CH;C,H, H OH 

We have previously found that the syn- 
epoxyamide 3 reacts with secondary amines to 
give anti-1 1-dialkylaminolactones. In attempts 

to prepare the unsubstituted anti-11-amino- 
lactone 4a both the syn-epoxyamide 3 and the 
broinolactone 40 were treated with ammonium 
hydroxide at  140". The product, obtained in 70% 
yield in both cases, was not the expected lactone 
but the anti-1 1-hydroxylactam la .  Oxidation of 
l a  gave the ketolactam 10 which regenerated l a  
upon reduction with sodium borohydride. In 
contrast, catalytic hydrogenation of 10 gave a 
mixture of 20 % l a  and 80 "/,f the syn-hydroxy- 
lactam Ic. This hydrogenation parallels that of 
the ketolactone 4c which gives the syn-hydroxy- 
lactone 4d as the major product (2). Reduction of 
the two epimers l a  and l c  with lithium aluminium 
hydride in dimethoxyethane gave the epimeric 
aminoalcohols 2a and 2c respectively. Other 
solvents (see Experimental) were markedly 
inferior for these reductions in accordance with 
experience in the preparation of 8-hydroxy-5- 
phenylbenzomorphan derivatives (9). The infra- 
red (i.r.) hydroxyl absorptions of 2a and 2c were 
concentration-dependent, and concentration-in- 
dependent respectively, indicating that 2a was 
the anti-epimer and that 2c was the syn-epimer 
(10). These assignments were confirmed by the 
reaction of the syn-aminoalcohol 2c with phos- 
gene. The product was the cyclic carbamate 5, 
the structure of which was fully supported by its 
analytical and spectral properties. The geometry 
of 2a and 2c, as shown by inspection of molecular 
models, indicates that only 2c can form 5. 
Cristol and Bly (1 1) have cited an analogous cyclic 
carbonate formation as a structure proof of 
dibenzobicyclo [3.2. I Ioctadiene-exo-4-syn-8-diol. 
In accord with these assignments only intractable 
mixtures were obtained when 2a was treated with 
either phosgene or diethyl oxalate (12). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

19
3.

61
.1

35
.8

0 
on

 1
2/

03
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



CANADIAN JOURNAL O F  CHEMISTRY. VOL. 46, 1968 

40, R=NH, ;  e , R = H  
b, R = Br; f, R = NHCH2C6Hs 
C, R = (=O);g, R = NHC6H5 
rl. R = sytz-OH 

60, R = R' = NH(CH2),0CH3 70. R = N H C ~ H S  80, R = H  
b, R = R 1 = N H 2  b, R = N(CH,)z b, R = CHO 
c, R = NH2,R1 = H 

90, R = CON, 
b: R = NCO 

Treatment of the syn-epoxyamide 3 with a 
variety of primary aniines at 140" gave tlie N- 
substituted-anti-hydroxylactams Id-f: The same 
compounds were prepared by monoalkylating 
l a  with sodium liydride and the appropriate 
alkyl halide confirming that l a ,  d-f belonged to 
the salne epimeric series. Subsequent methylatioli 
of lc/,e gave the ethers lg,h. The alkylated deriv- 
atives l i , j  of  the syn-hydroxylactam were pre- 
pared in the same manner. Reduction of ld,g,k 
and l i , j  with lithium aluminium liydride gave the 
two epimeric series of amines 2d,g,lz and 2i , j  
respectively. Unlike tlie nuclear magnetic reson- 
ance (n.1n.r.) spectra of tlie previously described 
lactones (2), the 1i.m.r. spectra of the lactams and 
amines described herein cannot be used to  dis- 
tinguish between syr7- and anti-substitution. 

Under milder conditions two exceptions to  the 
generality of the amine-epoxyamide reaction were 
observed. First, treatment of 3 with benzylamine 
a t  100" gave the anti-1 I-benzylaminolactone 4f: 
The geometry of this compound was confirmed 
by its 1l.m.r. spectrum (2). Subsequent treatment 
of 4 5  with either benzylamine or ammonium 
hydroxide a t  140" gave the N-benzyl-anti- 
hydroxylactam le.  Second, treatment of 3 with 

3-metlioxypropylaniine a t  80" gave a small yield 
of the secondary amide6a. 

These observations suggest tha t  la  arises by 
normal traus-opening of the epoxide fuiiction (13) 
with, most probably, simultaneous lactonization 
to give the initially expected aminolactone 4a. 
Epimerization of 4a at the benzhydrilic carbon 
atom (C-5) via a n  equilibrium concentration of 
the amide 66 followed by lactam formation would 
give l a .  I t  is improbable that 66 epimerizes with- 
out prior lactonization. For example, the syn- 
hydroxyamide 6c lactonizes at  room temperature 
(2). The ready Iactam formation of  the epimerized 
form of 66 is unremarkable in view of the classical 
methods for forming lactam bridges (14). 

I t  was not possible to  convert the  anti-anilino- 
lactone 4g to the corresponding lactam by treat- 
ment with ammonium hydroxide since starting 
material or the aminoalcohol 7 a  were obtained. 
Presumably the anilino residue was  insufficiently 
basic to  undergo lactam formation. Decarboxyl- 
ation also occurred when the syrz-epoxyamide 3 
was heated with aqueous dimethylamine at  140" 
since the product was the ami~~oalcohol  76. 

The present studies bear a formal similarity to 
the preparation of isoqui~~uclidones recently 
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reportec1 by Huffman and co-workers (15). 
Their procedure requires, however, a trans- 
epoxyester as starting material and subsequent 
pyrolysis ofthe intermediate aminoester. 

Treatment of the syn-epoxyamide 3 with 
sodium hydride in dry dioxane also gave l a .  
Presumably this reaction proceeds via epinleriza- 
tion at C-5 and subsequent 'N-6' participation 
(16). Many examples are known of nucleophilic 
participation by amide nitrogen iuider basic 
conditions (17). A by-product from this reaction 
was 9,1O-dihydroa11thrace11e-9-carboxamide 8a. 
This side reaction was i~ndoubtedly a base- 
promoted conversion of 3 since it was unaffected 
by both boiling dioxane and boiling water, 
and the anti-hydroxylactam l a  was unaffected 
by sodium Ilydride in boiling dioxane. Possibly 
8a arose by initial rearrangement1 of 3 to the 
carboxaldehyde 86 with si~bseqi~ent base-cata- 
lyzed elimination of the formyl group (1 1,19). 

Attempts to ammonolyze the lactones 4d,e 
to the corresponding lactams were abortive since 
starting materials or decarboxylated products 
were obtained. In contrast, the closely related 
isochroman-3-one and its 4-phenyl derivative 
have been successf~~lly ammonolyzed to the 
corresponding lactams (20,21). 

The ketolactam 16 showed normal ketonic 
properties. Enolization, which sometimes masks 
the ketonic character of 10,ll-dihydro-5H- 
dibenzo [a,d]cyclohepten- 1 0-ones (22), is pre- 
cluded by the presence of the 10,5 bridge system. 
Thus, 16 formed an oxime and a ketal and readily 
underwent Grignard reactions to give the 
carbinols l / ~ , 1 . ~  In these Grignard reactions the 
lactam function was presumably protected from 
attack by complex formation (23, p. 876). 
Grignard reactions with the N-methyl-ketolactam 
l m  gave very poor yields of the carbinols ln,o and 
these compounds were better prepared by metllyl- 
ating lk,l. Lithium aluminium liydride reduction 
of lk,l  gave the aminoalcohols 2k,l. The i.r. 

'The influence of thc 5-proton is manifest in this 
rearrangement. Thus, 10,ll-epoxy-10,ll-dihydro-5H- 
dibenzo[n,d]cyclohepten-5-one gave the corrcsponding 
5,lO-dione on base treatmcnt, and gave lO-hydroxy-9- 
anthraldehyde on either pyrolysis or acid-trcatment (18). 

ZThe physical properties and chemical behavior of 
Ik,l confirmed that they werc single cpimers. The reaction 
of l b  with allyl magnesium brornidc appcarcd to givc a 
mixture of epimers which is being investigatcd further. 
Ethyl magnesiu~n bromide rcduccd l b  to the allti- 
hydroxylactam (23, p. 147-158). 

hydroxyl absorptions of these compounds were 
concentration-independent indicating that they 
were syn-aminoalcohols. This geometry woi~ld 
be expected assuming that Grignarcl reagents, 
like hydrogen, tend to attack the less hindered 
side of 16. 

Hydrogenolysis of the epimeric hyctroxy- 
lactams l a  and l c  with sodium in liquid ammonia 
gave the i~nsubstituted lactam 11, in good yield. 
Similar hydrogenolyses of the carbinols l k , l  gave 
lq,r. Catalytic hydrogenolyses of l a  and l k  were 
unsi~ccessful, as is the case with similarly sub- 
stituted benzylic alcohols (9). 

The i~nsubstituted lactam l p  was also obtained, 
in very poor yield, by photolysis of the acyl azide 
9a. The major product was the isocyanate 96 in 
accord with experience in the photolysis of 
carbocylic acyl azides (24,25). 

The more important pharmacological proper- 
ties of some of the compounds described in this 
paper, particularly those of the amines 2a-171, will 
be described elsewhere. 

Experimental 
10,l /-Di/z~~rlro-n~1ti-ll-l~y~lroxy-1O,5-(i~~~i~~o~~~et/~r1r~o)- 

5H-diberzzo[n,rl]cyc/ohepter~-l3-or~e (Ill) 
Metlrod a 
A mixture of the syu-epoxyamidc 3 (50 g) (2) and 

anlmoniunl hydroxide (200 n ~ l )  was kept at 140' for 6 11. 
Thc solid product was collected and washcd with water, 
chloroform and ether, and then crystallized from ethanol 
to give the title product (35 g )  as needles, n1.p. 260-262.' 
(decomp.); v,,,, (Nujol) 1670 cnl-I. 

Anal. Calcd. for C16H13N02: C, 76.47; H, 5.22; 
N, 5.57. Found: C, 76.50; H, 5.08; N, 5.57. 

Methorl b 
Following theprocedure of method n, the bromolactonc 

4b (315 g) (2) and ammonium hydroxidc (2 1) gavc In 
(178 g). 

Methorl c 
A mixture of the syrz-epoxyamidc 3 (2.5L g), sodium 

hydride (460 mg of a 52% suspension in mineral oil), and 
dioxane (50 ml) was heated under reflux for 1 11. The 
rcaction mixture was diluted with water and then con- 
centrated irz urrcrro. The residue was washed with water, 
and thcn with hexane, and thc rcsiduc was crystallized 
from ethanol to give In (1.5 g), n1.p. 260-262" (decomp.). 
The infrarcd (i.r.) spectrum of this material was identical 
with that of the product from method n. 

Thc mothel. liquors from thc abovc crystallization 
yielded 9,lO-dihydroanthracene-9-carboxamide (Sn), m.p. 
and mixture m.p. with an  authcntic sample 151-152' 
(lit. (26), m.p. 151-152"). 

10,l I-Dilrydro-10,5- (irr~i~lor~letlmr/o) -5H-diber/=o[n,(i']- 
cycloAepterl-l1,13-~Iio11e (Ib) 

Jones rcagcnt (20 ml) (27) was added dropwise to an 
ice-cold stirrcd suspension of In  (10.0 g) in acctone (150 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

19
3.

61
.1

35
.8

0 
on

 1
2/

03
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



3394 CANADIAN JOURNAL O F  

1111). The mixture was kept at 0' for 0.5 h and then 
diluted with isopropanol (5.0 nil). Thc mixture was con- 
centrated 01 uac~io, diluted with water, and then extracted 
with chloroforni. The combined extracts were washed 
with water, dried, evaporated, and the residue was 
crystallized from cthanol to give 16 (9.0 g), m.p. 197-199"; 
v ,,,, (CHCI,) 3425,3200, and 1685 cni-I. 

Anal. Calcd. for C,6H11N02:  C, 77.09; H, 4.45; N, 
5.62. Found: C, 77.34; H, 4.36; N, 5.78. 

The oxinle derivative of 16 was prepared in the usual 
manner and recrystallized froni ethanol, n1.p. 290-295" 
(deconip.). 

Anal. Calcd. for ClsHL2NzOZ: C, 72.71; H, 4.58; N, 
10.60. Found: C,72.40; H,4.69; N, 10.75. 

Treatment of 16 (1.0 g) with sodium borohydride 
(0.5 g) in ethanol (30 nil) at rooni temperature gave l a  
(0.93 g) identical in all respects with l a  prepared by 
method a above. 

10,l 1-Dillydro-SYII-1 l-l1yrlro~~y-10,5-(itt1it10t?1etl1at10)- 
5H-rli6et1zo[a,cljcyc/ol1epte11-13-ot~e (Ic) 

A solution of tlie ketolactani 16 (100 g) in ethanol 
(3.0 1) was hydrogenated at 50" and 7 atm in the presence 
of 10% palladiuni-on-charcoal catalyst (0.5 g) until 
hydrogen uptake ceased. The catalyst was removed and 
the solution was concentrated to half-volume whereupon 
Ic  (60 g) crystallized as fine needles, n1.p. 260-263" 
(decomp.); v,,,, (Nujol) 1665 cni-'. 

Anal. Calcd. for Cl6HI3NO2:  C, 76.47; H, 5.22; 
N, 5.57. Found: C,76.35; H, 5.13; N, 5.21. 

Fractional crystallization of the residue from tlie 
mother liquors gave a further 19.0 g of l c  and 17.0 g of la.  

10,l l-Dil1yrlro-10,5-(itt1ir1ott1etl1atro)-5H-c/iber1zo[a,~lJ- 
cyclol1epter1-ar1ti-ll-ol(2n) 

Lithium aluminium hydride (7.25 g) was added portion- 
wise to a stirred suspension of l a  (25.1 g) in 1,2-di- 
methoxyethane (150 nil). The niixture was stirred and 
heated under reflux for 10 h. The excess hydride was 
destroyed with water and the basic material was isolated 
in the usual manner. This material was recrystallized 
from benzene-hexane to give 20 (19.0 g), 1n.p. 130-134"; 
v ,,,, (CHCI,) 3570,3325, and 1020 cni-I. 

Anal. Calcd. for C,,H,,NO: C, 80.98; H, 6.37; N, 
5.90. Found: C, 80.97; H, 6.65; N, 5.71. 

The hydrochloride salt of 20 was recrystallized from 
ethanol, n1.p. 220-225" (deconip.). 

Anal. Calcd. for CI6HlGCINO: C, 70.30; H, 5.85; C1, 
12.99; N, 5.12. Found: C, 70.52; H, 6.04; CI, 12.70; N, 
4.81. 

Reduction of l a  with lithium aluminium hydride in 
ether gave mainly starting material; similar reductions of 
l a  in tetrahydrofuran and in dioxane gave 40 % and 22 % 
yields respectively of 2a. 

10,l I-Dil1ydro-10,5-(itt1it101~let11at1o) -5H-clibenzo[n,rlj- 
cyclo/1eptet1-syt1-lI-ol(2c) 

The syrz-hydroxylactam l c  (30 g) was treated with 
lithium alu~ninium liydride (6.0 g) in dimethoxyethane 
(200 ml) and then processed as described above. The 
crude basic niaterial was recrystallized froni methanol to 
give 2c (24.1 g), 11i.p. 191-193"; v ,,,, (CHCI,) 3300, 1488, 
and 1308 cm-'. 

CHEMISTRY. VOL. 46, 1968 

Anal. Calcd. for C16H15NO: C, 80.98; H, 6.37; N, 
5.90.Found: C,80.78;H,6.42;N,5.69. 

3a,l26-Dil1y~lro-3,8-1t1etl1at1o-2H,8H-r/ibet1zo[3,4:6,7j- 
cyclolrepta[l,2-cl]o1nrol-2-011e (5) 

A 4 %  sol~~t ion of  phosgene in benzene (30 ml) was 
added dropwise during 3 h to a solution of 2c (2.63 g) 
in dioxane (100 ml) and pyridine (4 drops). The niixture 
was kept at room temperature for 1 h and then evaporated 
to dryness. The residue was partitioned between chloro- 
form and water and the organic phase was evaporated to 
leave the crude product. This niaterial was recrystallized 
from methanol to give 5 (1.0 g), n1.p. 226-228" (decomp.); 
v,,,, (CHCI,) 1758 cni-'. 

Anal. Calcd. for C17H13NOz: C,  77.55; H, 4.98; 
N, 5.32.Found: C, 77.59;H,5.00;N, 5.17. 

Similar treatment of the allti-aniinoalcohol 20 with 
phosgene gave a solid product, v,,,, (CHCI,) 1700 ~ 1 1 1 - I .  

This niaterial was shown to be inhomogeneous by thin- 
layer chroniatography and it could not be purified. 

Preparatiot~ of the atlti-Hydroxylactams I d-f 
Metlrod a 
Under the conditions described for the preparation of 

l a  (method a) the following conipounds were obtained. 
IO,ll-Dihydro-at1ti-ll-hydroxy-l2-methyl-lO,5- 

(iminomethano)-5H-dibenzo [a,d]cyclohepten-13-one 
(Id) (66.0 g), n1.p. 267-270" (from ethanol); v,,,, (Nujol) 
3415, 3260, and 1650 cm-' was obtained from 3 (100 g) 
and aqueous methylanline (600 nil of a 30% solution). 

Anal. Calcd. for Cl,H15NOz: C, 76.96; H, 5.70; N, 
5.28. Found: C,76.96; H, 5.53; N,4.99. 

12-Benzyl-10, I 1-dihydro-at~t i -1  I-hydroxy-10,5- 
(i1~iinoniethano)-5H-dibenzo[n,rl]cyclohepten-l3-one 
(le) (10.0 g), n1.p. 224-226" (from ethanol); v,,,,, (CHCI,) 
3570, and 1660 cni-' was obtained from 3 (30 g), benzyl- 
amine (30 g) and water (80 nil). 

Anal. Calcd. for Cz3H19N02: C,  80.91; H, 5.61; 
N, 4.10. Found: C, 80.99;H, 5.48; N, 4.25. 

10,ll-Dihydro-anti-11-hydroxy-12-(3'-niethoxy- 
propyI)-10,5-(i1nino1~~ethano)-5H-dibenzo[~,d]cyclo- 
hepten-13-one (1 f )  (3.0 g), m.p. 150-152" (from ethyl 
acetate); v,,,, (CHCI,) 3570, 1660, and  1100 cni-' was 
obtained froni 3 (5.0 g), 3-niethoxypropylamine (9.0 g), 
and water (40 ml). 

Anal. Calcd. for CZ,,H21N0,: C, 74.28; H, 6.55; N, 
4.33. Found: C,74.30; H,6.48; N,4.39. 

Methorl 6 
A mixture of the anti-hydroxylactam l a  (5.02 g, 0.02 

mole), sodium hydride (920 mg of a 5 2 %  suspension in 
mineral oil, 0.02 mole), methyl iodide (3.12 g), and 
dioxane (60 1111) was stirred and heated under reflux for 
4 h. The mixture was evaporated and the residue was 
washed with hexane and then with water and then 
recrystallized from ethanol to give Irl (4.8 g), m.p. 
265-269". The i.r. spectruni of this material was identical 
with that of lrlprepared by method a. 

anti-11-Bet~zylat?~it~o-lO,l l-dil~dro-l0,5-(epoxyt~1etl1ar~o)- 
5H-r/iber1zo[a,r(i'cyclo/1epterr-13-or1e (4 f )  

A mixture of tlie sytl-epoxyaniide 3 (25.0 g), benzyl- 
aniine (30.0 g), and water (50 ml) was stirred and heated 
under reflux for 12 h. The reaction niixture was extracted 
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with chloroform and the extracts were washed with 2 N 
HCI and then with water, and then dried. The extracts 
were evaporated and the residue was recrystallized from 
ethanol to give 4 f (8.0 g), m.p. 141-143"; v,,,;,, (CHCI,) 
1745 cm-'. 

Anal. Calcd. for C2,H19N02: C, 80.91; H, 5.61; N, 
4.10. Found:C,81.16; H, 5.83; N, 3.98. 

From the mother liquors of the above crystallization 
there was obtained l e  (11.0 g), m.p. and mixture n1.p. 
224-226". 

lU,l1-Dil1ydro-I0-/1y~Iro.~y-N-(3-111e1I1o~r~~propyl)-ll- 
[N- (3-t~retl1o.~~ropyla1~ritro) 1-5 H-dibet~zo[a,cl]cyc/o- 
l1epteti-5-carboxattri~Ie (6a) 

A solution of the sytl-epoxyamide 3 (10.0 g) and 3- 
methoxypropylamine (10.0 g) in benzene (100 ml) was 
stirred and heated under reflux for 18 h. The resulting 
solution was concentrated and the conccntrate was 
chromatographed upon alumina. The first matcrial 
eluted was the lactam 1 f (3.0 g). The sccond material 
eluted was thc title product 60 (2.5 g) which was rc- 
crystallized from isopropanol to  m.p. 123-125'; v,,,,,, 
(CHCI,) 3420,3370,1655, and 11 10cnl-'. 

Anal. Calcd. fgr C24H32N204:  C, 69.88; H, 7.82; 
N, 6.79. Found: C, 69.98; H, 8.02; N, 6.67. 

(16) 
A suspension of ld(5.30 g, 0.02 mole), sodium hydride 

(1.38 g of a 52 %suspension in mineral oil), niethyl iodide 
(4.26 g, 0.03 mole), and dioxane (50 nil) was stirred and 
heated under reflux for 18 h. The mixture was evaporatcd 
and thc residue was washed with water and then with 
hexane and then recrystallized from methanol to give 
l g  (5.0g), n1.p. 212-215"; v ,,,, (CHCI,) 1660cn1-I. 

Anal. Calcd. for ClsH17NOZ: C, 77.39; H, 6.13; 
N, 5.01. Found: C, 77.29; H, 6.05; N, 5.12. 

12-Bet1zyl-lU,Il-clilrydro-n~1ti-Il-t~retlrosy-10,5-(it~rit1o- 
t~~etltrrtro) -5H-clibet1zo[n,djcycIoI1epte11- 13-otre (111) 

This conlpound was obtained from l e  and methyl 
iodide following the procedure dcscribed above. The 
product crystallized from methanol, m.p. 152-154'; 
;,,,,, (CHCI,) 1652 cm- ' . 

Anal. Calcd. for C24H21N02:  C, 81.10; H, 5.96; N, 
3.94. Found: C, 80.99; H, 6.34; N,4.24. 

I0,11- Dillyclro-syl-1 I-lcydroxy-12-1~1etl1yI-IU,5- (ittritro- 
~~1etlmtro)-5H-clibe~1zoia,d~~~cIoI1eptetr-l3-o1re ( l i )  

This compound was obtained from the SJJII-hydroxy- 
lactam l c  (5.02 g) and methyl iodide (3.12 g) under the 
conditions describcd for the prcparation of ld(n1cthod b). 
It was purified from methanol as needles (4.0 g), m.p. 
218-220 '; v,,, (Nujol) 1668 C ~ I - ' .  

Anal. Calcd. for C I ~ H I ~ N O ~ :  C, 76.96; H, 5.70; 
N, 5.28.Found: C,76.76; H, 5.76; N, 5.20. 

/(I,//- Dil~~(lro-S~II-1 l-r~ret/roxy-l2-t~1et/r~~l- / U , ~ - ( ~ I ~ I ~ ~ I O -  
tnet/ratro)-5H-dibe1rzo[a,d]~~~~IoI1ep1e11-l3-otre ( I  j) 

This con~pound was obtained from l i  under the con- 
ditions described for the preparation of lg.  It was re- 
crystallized from benzene as needles, m.p. 189-191"; 
v,,, (CHCI,) 1666 cm-'. 

Anal. Calcd. for ClsH,,N02: C, 77.39; H, 6.13; 
N, 5.01. Found: C, 77.13; H, 6.03; N,4.99. 

10,II-Dil1yclro-.syt1-lI-lgvdroxy-n~rti-lI-tr~e/hyl-10,5- 
(it7i1ottre/11at10) -5H-clibet1zo[o,clj~,clo/replerr-I3-oue 
(Ik) 

A 3 M ethereal solution of methyl nlagnesiunl bromide 
(80 ml) was added dropwise to a solution of the kcto- 
lactam l b  (24.9 g, 0.1 mole) in anhydrous tetrahydrofuran 
(200 ml). The reaction mixture was stirred and hcatcd 
undcr reRux for 6 h and then treated with saturated 
animonium chloride solution (300 ml). The organic 
phase was collected, dried, and evaporated. The  residue 
was recrystallized from mcthanol to give l k  (21.2 g), m.p. 
278-280'; v,,,, ( N ~ ~ j o l )  3590, 3210, and 1690cn1-'. 

Anal. Calcd. for C17H15N02: C, 76.97; H, 5.70; 
N,5.28.Found:C,76.88;H,5.64;N,5.29. 

10,Il- Dil~ydro-syt1-ll-l~ydro.r~~-atiti-ll-pl1etr~~l-1U,5- 
(Oi1itrot~~et/~atro)-5H-c/ibet1zo[o,cl]~ycIoI1eptet~-I3-ot~e 
(11) 

This conlpound was obtained from l b  (log) and plicnyl 
magncsiuin bromide (0.16 mole) under the conditions 
uscd for the preparation of lk .  The crude product was 
recrystallized from ethanol to  give 11 (8.0 g), n1.p. 280- 
285" (decamp.); v,,,, (Nujol) 1652 cnl-'. 

Anal. Calcd. for CZ2Hl7NO2:  C, 80.71; H, 5.23; N, 
4.28. Found: C, 80.72; H, 5.30; N,4.11. 

10,l I-Dilryclro-12-rrretI1yI-IU,5-(it~~it1ortretharro) -5M- 
clibn1zo[a,cljcyclo/repre,1e-ll,I3-~lio11e (Ittr) 

Oxidation of l r l ( l0  g) with Jones rcagcnt (20 ml) (27) 
gavc the above product. It was purified from methanol, 
n1.p. 153-155". 

Anal. Calcd. for Cl7HI3NO2:  C, 77.55; H, 4.98; 
N, 5.32. Found: C, 77.78; H, 4.82; N, 5.30. 

Preparatiotl of the Lactatns 111 atrcl l o  
Metllocl n 
Under the conditions described for thc prcparation of 

l k  the following compounds wcre obtaincd. 
10,ll-Dihydr0-sytr-ll-l~ydroxy-ntr/i-ll-n~ethyl-12- 

n~cthyI-10,5-(in~inon~etl~ano)-5H-dibcnzo[o,cl]cyclo- 
hcpten-13-onc (111) (1.3 g), m.p. 224-227 ' (from mcthanol); 
v,,,, (CHCI,) 3600, 3430, and 1667 cm-I fro111 the 
N-methyl-ketolactam l r r r  (10.0 g) and methyl magnesium 
bromide (0.1 molc). 

Anal. Calcd. for C18H17N02:  C; 77.39; H, 6.13; N, 
5.01. Found: C,77.25;H,6.08; N,5.18. 

IO,l 1-Dihydro-sytr-11-hydroxy-12-methyl-nttti-l l -  
plienyl-10,5-(in1inomctl~ano)-5H-dibcnzo [o,c/]cyclo- 
hcpten-13-onc (lo) (0.3 g), m.p. 197-199' (from benzcnc- 
hcxane); v,,, (Nujol) 1650 cm-I from 1171 (5.0 g) and 
phenyl magnesium bromide (0.05 mole). 

Anal. Calcd. for CZ,Hl',NO2: C, 80.91; H, 5.61; N ,  
4.10. Found: C, 80.83; H, 5.54; N, 3.80. 

Methorl b 
Methylation of l k  (5.3 g, 0.02 mole) with sodium 

hydride (920 n ~ g  of a 52:/, s~lspcnsion in mineral oil, 
0.02 mole) and incthyl iodide (3.32 g, 0.22 ~nolc) in 
anhydrous dioxane gave 111 (5.0 g), m.p. and ~nixture 
m.p. 224-227". 

A similar methylation of 11 (3.27 g, 0.01 mole) gave l o  
(3.0 g), m.p. and n1ixturem.p. 197-199". 
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10,11-Dihydro-10,5-(irninon~etl1a11o)-5H-dibe11zo[n,l]- in ammonium hydroxide (80 ml) was heated at 170° for 
cyc1ohepte11-13-one (Ip) 6 h. The mixture was processed as described above to 

Metl~od a .give I I-anilino-lO,l I-dihydro-5H-dibenzo[n,d]cyclohep- 
Small pieces of sodium were added to a n~echanically ten-10-01 (70) (2.4 g), n1.p. 177-179" (from ethanol). 

stirred suspension of the nrrti-hydroxylactam In (50.0 g) Anal. Calcd. for C2,HL9NO: C, 83.69; H, 6.35; N, 
in freshly distilled liquid amnionia (500 nll) until the 4.65. Found: C, 83.99; H, 6.20; N, 4.86. 
mixture remained blue for 5 min. An excess of ammoniuln Similar treatment of the syrr-epoxyamide 3 (10 g) with 
chloride was thcn added and the ammonia was allowed dimethylanline (10 g) in water (70 nil) gave 10,l I-dihydro- 
to evaporate. The rcsidue was extracted with hot water 1 l-dimethylan~ino-5H-dibenzo[n,cl]cyclol~epten-lO-ol(7b) 
and the insoluble niatcrial was recrystallized from ethanol (7.0g), m.p. 114-1 16" (lit. (29), 11i.p. 117-1 18"). 
to give l p  (45.0g), m.p. 242-245"; v,,,, (Nujol) 1675 cm-I. 

Anal, Calcd, for c,,H,,No: C, 81.68; H,  5.57; N, Pre~)(lrfltiotrso/flle Arrlilfes2(~,1,g-I 
5.95. Found: C, 81.67; H ,  5.62; N, 5.91. Undcr the conditions described for the preparation of 

The sanie prodilct was obtaincd when tlie .rytr-hydroxy- 2fl. the fol'owin~cOmpOunds were preparcd. 
lactam l c  was used as starting nlatcrial. 10,l I-Dihydro-a1~ti-lI-hydroxy-12-mcthyl-10,5-(imino- 

Metlroclb methano)-5H-dibenzo[a,d]cycloheptene (2ci) liydrochlor- 
ide (3.8 g), m.p. 220" (decomp.) (froni isopropanol- A solution of sodiuln azidc (0.7 g) in water (5 ml) was v,,, (Nuljol) 3460 and 3300 was obtained added to a solution of 10,l I-dihydro-5H-dibenzo[n,d]- ld(5.0g), c~clohe~tenc-5-carbon~l chloride (2.56 g) (26) in dioxane Anal. Calcd. for C,7HlsC,NO: C, 7 0 , ~ ~ ;  H, 6.30; (10 1-111) at 0". The mixture was stirred at 0" for 45 min, C1, 12.35; N, 4.87. Found: C, 70,G4; H, 6.58; CI ,  diluted with iced water, and cxtracted with hexane (3 x N,4.73. 20ml portion). The combined extracts were washed with l-Dihydro-alrt i . l  I-nletlloxy-12-methyl-10,5- 

cold water and thcn dl-ied at 0" with molecular sieves. ?'he (iminonletllano)-5H~dibenzo~n,dlcyclolleptene (2g) (9,7 solution of the acid azide 90 so obtained was photolyzed g), nl.p. 122-1250 benzene-hexane) was obtained at 0" until an aliquot no longer absorbcd energy a t  2140 lg(12,0g). cm-'. The precipitate which had fornled was crystallized Anal. Calcd. for C,sHI,NO: C, 81.47; H, 7,22; N, from benzene-hcxane and then from ethanol to give l p  5.28. Found: C, 81.28; H, 7.25; N, 5,14. (200 nlg). Concentration of the hexane filtratc gave the 12-Benzyl-lO,l l-dihydro-nrrti-l 1 -methoxy-10,5- 
9b g), nl.p. 60-620 (lit. (26), m.p. 62-630). (inlinomet11ano)-5W-dibenzo [a,c/]cycloheptene ('Ir) 

Prepcrrntiotr of tlre Lactntrrs lq nrrd I r  hydrochloride (3.0 g), m.p. 167-170" (dccomp.) (from 
Under the conditions used for the preparation of l p  isopropanol) wasobtained from llr(5.0 g). 

(method n) the following con~pounds wcre obtained. Anal. Calcd. for C24H24CINO: C, 76.30; H, 6.40; 
10,I I-Dihydro-ntrti-l I-methyl-l0,5-(iminoniethano)- C1, 9.38; N, 3.70. Found : C, 76.33; H, 6.06; CI, 9.32; 

5H-dibenzo[n,d]cyclohepten-13-one (19) (10.7 g), N, 3.90. 
m.p. 243-246" (froni methanol); v,,,, (CHCI,) 3410,3200, l o , ]  1 - D i h ~ d r o - T J J ~ - 1  I-h~drox~-12-meth~l-10,5- 
and 1675cn1-' was obtained from 1 1 ~  (12.0g). (iminomethano)-SH-dibenzo[n,d]cycloheptene (2i) oxa- 

Anal. Calcd. for Cl7HlSNO: C ,  81.90; H, 6.06; N, late (6.4 g), m.P. 183-185" (decamp.) (from i~o~I'opan0l- 
5.62. Found: C,81.87; H, 5.94; N, 5.70. ether) was obtained from l i  (8.0 g). 

10,I 1-Dihydro-nrrti- 11 -phenyl- 10,5-(iminomethano)- Anal. Calcd. for C I ~ H L ~ N O ~ :  C, 66.85; H, 5.61 ; N, 
5H-dibenzo[n,rl]cycloheptcn-13-one (lr)  (2.8 g), n1.p. 250- 4.10. Found: C, 67.61 ; H, 5.63; N, 4.24. 
2 5 2  (from methanol); v,,,,, (CHCI,) 1670 cm-I was l0,l1-Diliydro-syrr-lI-metI~oxy-l2-methyl-10,5- 
obtained from ll(3.3 g). (iminomethano)-5H-dibenzo[n,~l]cycloheptene (2j) oxa- 

Anal. Calcd. for CZ2H,,NO: C, 84.86; H, 5.50; N, late (3.2 g), n1.p. 183-186° (deconl~.) (from acetonitrile- 
4.50.Found:C,84.68;H,5.71;N,4.36. ether) was obtained from lj(5.4 g). 

Anal. Calcd. for C Z ~ H ~ ~ N O ~ :  C, 67.59; H, 5.96; N, 
Treatrr~ent of /Ire Lnctot~es 4d, 4e, arrd 4g ~vitlr A~rr~rro~rirrrrr 3.94. ~ ~ ~ ~ d :  C, 67.29; H, 6.20; N, 3.83. 

Hyclroxide 10,11-Diliydro-sytl-I l-hydroxy-n11ti-ll-n1ethyI-l0,5- 
(0) A solution of the s ~ ~ r - 1 1 ~  drox~lactOne 4d (30° mg) (illlinomet]lano)- 5 H -  dibenzo [a,d]cycloheptene (2k) hy- 

in ammonium hydroxide (10 ml) was heated at 170" for drochloride (4.7 g), n1.p. 233-235" (from ethanol) was 
5 h in an autoclave. The i.r. spectrum of the solid product obtained from l k  (7.0 g), 
was devoid of carbonyl absorption. A small amount of calcd. for C , , H ~ ~ C I N O :  ~ 1 ,  12.27; N, 4.11. 
the starting material was recovered from the anlllloniacal ~ ~ ~ ~ d :  CI, 11.99; N, 4.60. 
solution. 10,ll-Dihydro-syrz-11-hydroxy-anti-l I-phenyl-10,5- 

(b) A solution of the unsubstituted lactone 4e (10 g) in (in1inomethano)-5H-dibenzo[a,d]cycloheptene (21) hydro- 
(200 m') was kept a t  l6O0 for h. chloride (4.1 g), m.p. 219-224" (decomp.) (from cthanol) 

The reaction mixture was extracted with ether. Evapora- was obtained from 1, (6.0 g). 
tion of the washed and dried extracts and recrystallization calcd. for C~,H,~,-INO: C ,  75.53; H, 5.76; 
of the residue from hexane gave 10,11-dihydro-5H- ~ 1 ,  10.13; N, 4.3). Found:  C, 75.68; H, 5.73; C1, 10.21 ; 
dibenzo[a,d]cyclohepten-10-01 (7.0 g), m.p. 63-65" (lit. N, 3.88. 
(28), m.p. 6&66"). 

Treatment of 4e with liquid ammonia at 200" gave an IO,Il-Dilrydro-10,5-(i111it1otnetlrano)-5H-dibe~1zo[a,d]- 
intractable resin. cyc1olrepter1-11-one (26) 

(c) A suspension of the anti-anilinoldctone 4g (4.0 g) A mixture of the ketolactam In (25.0 g) ,  ethylene glycol 
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(20 mi), p-toluenesulfonic acid (250 mg) and benzene 
was stirred and heated under reflux (Dean-Stark) for 
24 h. The resulting suspension was washed with 2N 
NaOH and the solids were collected, washed with water, 
and dried to give the ethylene ketal of l a  (27.0 g), m.p. 
265-269" (decomp.). A nlixtlire of the ketal (26.5 g) and 
lithiu~n aluminium hydride (4.5 g) in tetrahydrofuran was 
heated under reflux for 18 h. The mixture was treatcd with 
water, filtered, and the filtrate was evaporated. The 
residue was dissolved in 2N HCI (200 ml) and kept over- 
night. The resulting precipitate was collectcd and re- 
crystallized from ethanol to give 26 hydrocl~loride 
(17.0 g), m.p. 285" (decomp.); v ,,,, (Nujol) 1685 cn1-I. 

Anal. Calcd. for CI6Hl4C1NO: C, 70.76; H, 5.16; 
CI, 13.08; N, 5.16. Found: C, 70.85; H, 5.08; CI, 13.23; 
N, 5.22. 

Treatment of 26 (3.0 g) with a mixture of formic acid 
(10 ml) and formaldehyde (10 ml) at room temperature 
overnight gave, after processing in the ~isual manner, 
10,11-dihydro-12-111etI1y1-10,5-(i1~1ino~11etliano)-5~I- 
dibenzo[a,rl]cyclohepten-11-one (21)1), m.p. 149-151" 
(from ethanol); v,,,,, (CHCI,) 2800, and 1665 cm-'. 

Anal. Calcd. for C,,H,,NO: C, 81.90; H, 6.06; N, 
5.62. Found: C, 81.80; H, 6.09; N, 5.56. 
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