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nmr:" 2-XCIE, & 2.85 Is); 4-CH>, :!.50 (si. .!««/. (CdTeXoO) 
(', H, X. 

2-Dimethylamine-l-oxa-3-azaspiro[4.5]dec-2-ene (.12).--Iti
met hylcarbamoyl chloride (21.5 g, 0.2 mol) was added to a 
solution of 1-aminomethyleyelohexanol (25.9 g, 0.2 mol) and 
HuNT (30.:! g, 0.3 mol) in dryPl iMe (400 ml; at 0°. Aprecipitate 
tunned immediately. The mixture was stirred at 20° for 2 hi 
and filtered. The solid obtained was extracted with hot Et 20 
13 portions of 500 ml). The EtjO solutions were dried (MgSO, 
and concentrated to yield pure l-i2-hydroxy-2-spiroeyclohexvl ;-
ethvl-;;,3-dimethvlurea (11). mp 06-97°, (il.:i r; vield. Ami!. 
(C,„H,,X2().,) C, IT, X. 

The hydroxyurea 11 (20.0 g, 0.1 mol) was Heated with SOOh 
anil then with boiling IFO, as described above for the synthesis 
of 10, but no HjO-insnluble fraction was obtained. The aqueous 
solution was basified with a saturated solution of Iy>0O:j and ex
tracted with CIECE (three portions of 250 mh. The OlhOb 
solution was dried and concentrated under reduced pressure to an 
oil. The oil was distilled to yield 12 [bp 7T 75° (0.85 mm'', 
30.6 ' , yield: mm:"' 2-XlCII;,')., 5 1!)1 (s); 4-OH,, :S.5(1 is,'. 
Anal. (CioHisX-.Oj (', H, XI and l-(cyclohex-l-enyl)mothy]-3,:'i-
dimethvlurea (13) bp bit) 132° i0.55 mini. 41.4 ' , vield. Ann!. 
<C,„HI,'x,<))C, II XI. 
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In previous studies of heterocyclic compounds1 -

it was found that Ar-alkylated l,3,4,.")-tetrahydrothio-

pyrano [4,3-6 ]indole had autireserpine activity equal 

to imipramine with little antimorphine effect. Be

cause this derivative was the sulfur isostere of the 

3-carbon atom of 1,2,3,4-tetrahydrocarbazole, it was 

of interest to prepare various 3-substituted derivatives 

of 1,2,3,4-tetrahydrocarbnzoles and examine their 

effect on the 0 X 3 . 

The kev intermediate, 3-carbethoxv-l.'2,3,4-tetra-

hydrocarbazole 3, Table 1 (III , R ' = H; R = C,.H5, 

Scheme 1), was prepared by the Fischer indole syn

thesis3 employing 4-carbethoxycyclohexanone and 

phenylhydrazine which was converted into appro

priate derivatives through the sequence shown in 

Scheme I. The compounds prepared are listed in 

Tables I, II, and III together with pertinent data. Al

though most of the reactions proceeded smoothly, it 

is to be noted that the best preparation of the dialkyl-

aminoalkyl esters was by reaction of the potassium 

salt of 3 CR' = H or 0 H 3 ; R = K) with the appropriate 

halide. 

Representative compounds wen; submitted to a 

preliminary pharmacologic screen for general stimula

tion, depression, and autonomic activity.1 '2 Xone of 

the compounds exhibited significant activity. How

ever, it is interesting in view of the studies of Buu-Hoi' 

1 i L. M. Rice, ]•;. Hertz , and M. K. Freed. ,/. Men. Chun.. 7, :il;i . l i l l iO. 
2! M. K. Freed . E . Her tz , and L. M . Rice, ihiil.,1, 628 fly6-1). 

oil (", V. Roge r s and B. P., Corson. ./, Amer. Client. Snc. 69, 2010 
,1!)!?! . 

and coworkers-1 on the carcinogenic activity of largo. 

multiple ring compounds that compound 16 exhibited a 

growth inhibition at a concentration of 1 atz ml n> 

mammary carcinoma tissue. 

Experimental Section 

All melting' points 'Thomas Hoover capillary-type apparatus! 
are corrected. Elemental microanalyses were performed by 
Schwarzkopf Microanalytical Laboratory, W'ood.-ide, X. V 
Ir spectra of all compounds col responded with assigned struc
tures. Where analyses arc indicated only by symbols of the 
elements analytical results obtained for those elements were 
within -±-0.4'',' of the theoretical values. 

Materials. Ketones were prepared by the catalytic hydmedia
tion of commercially available 4-subst it iited phenols'5 followed by 
chromic acid oxidation of the resultant 4--!ihstinited c.vlo-
hexanols.7 

3-Carbethoxy-l,2,3,4-tetrahydrocarbazole (3 111, R 
CjH,; R' = Hj . Method A. The previous procedure- «;i-
employed Using PhXHXHb ill)S) g, 1.0 mol,. 4-rarhethnxycyclu-
hexanone (170 g. 1.0 mol!, and 300 g of glacial AcOH. The 
product, mp 04.5 96.05 [Cdhi••petroleum ether 'bp 37 54'' i. 
1 :1 j , amounted to 210 g '. s.0.4' , j. Compoutids 1 1 1 in Table 1 
were synthesized in this manner. Anal. KOJbrXOo O, II. 

Method B. 1.2.3,4-Totrahydroeai'bazole-3-earboxyiic acid 10 
g, 0.05 mol) i l . III. H - K'' = Hi was dissolved in 500 ml of 
absoluteEtOII and cooled to 10° and dry HOI pas-ed into the solu
tion at a rapid rate for 1 hr. The solution i n - refluxed an addi
tion id 4 hr and cooled to room temperature and an equal volume of 
IbO added. The precipitate was extracted with EM), washed 
with ICO and saturated XallCO.i until neutral, and dried X ; i r 

SOb:. Evaporation under reduced pressure yielded a brown 
residue which distilled [bp 1 S.S 1SSD '0.4 mm . S.7 g, 71 .0 ' , . 
The product solidified on standing and tva- tecrystalu/ed to uive 
3, identical with that synthesized by method A. 

Method 0. Oxalyl chloride :71 g, 0.50 mol; w:i- added dure;" 
I hr to a stirred suspension of 1 (135 g, 0.50 mol i in 1 1. of dry 
OiiHc while maintaining a constant temperature of I0C. The 
mixture was stirred at room temperature overnight, filtered 
through gla.-s wool, and diluted to exactly 2 1. with dr> 0,11,. 
To a 1-1. aliquot of the acid chloride tea. 01.2 g, 0.2s mob was 
added 250 ml of absolute El OH and the solution refluxed for ,\ hr. 
Evaporation of the solvents, in rncini. and distillation yielded 3, 
5s g, So.3' , A mixture melting point with 3 from method A or 
B showed no depression, 

3-Carbethoxy-9-methyl-l,2,3,4-tetrahydrocarbazole 12 
(111, R = CJrl,; R' ---• 0H:i). Method A. Compound 3 •: 12 g. 
0.05 moll, dissolved in a minimum amount of l>MF. was added 
dropwise to a stirred suspension of Xall '3 g of a 51' , prepara
tion, freed from mineral oil) in 10 ml of 1 )ME. After the reaction 
,-ubsided. Mel :7.l g. 0.05 mol) was slowly added maintaining 
constant temperature. The mixture was stirred at room tem
perature overnight, after which it wa- warmed for 1 hr at 70', 
cooled, poured into ice, and worked up in the usual manner. 
The product, a golden yellow oil Ibp 157 103" (0.03 ininb. 
weighed s.5 g (70.0 ' , i. Compound 14 in Table I was aho pre
pared by this procedure. Anal, t 0, dh;XO_, 'C.II.X. 

Method B. 4-Carbethoxyeyclohexanonc (34 g, 0.20 mob in 
175 g of .glacial AcOH was heated to reflux and 1-Me-l-PhX XI I, 
i 24.4 g, 0.20 mol i was added over 1 hr. The mix' are was refluxed 
tin additional hour and 75 ml of glacial AcOH. previously sat
urated with dry 1101. was slowly added. After 1 hr the solution 
developed a precipitate which did not redissolve on reHuxing for 
12 hr. The ppt was removed by filtration of the cooled mixture, 
and the filtrate poured into 500 ml of IM) and ext racted with Ft >(). 
The product, after the usual work-up, was distilled a- in method 
A; yield, 37.4 g, 72 .7 ' , , Compounds 13 and 14 in Table 1 wane 
also prepared by t his pro, editre. 

3-Carbethoxy-9-( 3-dimethylaminopropj E-l ,2,3,4-tetrahydro-
carbazole (16) TV, R" - 0H2);,N(CH;,bb -- To 3 g of Xall 
' 5 1 ' ' , I in 10 ml of I IMF was added 3(12 g, 0.05 mol i dissolved in 

ti N«. I'h. I'.mi-lfoi. \'sr. 11,.an, ami N K . II. Kla'.i. ,/, " ; , , . Chun.. 14, 
4!)2 i11-14(1). 

a) R o m a n ni.unerafs refer to Scheme 1 and araUir t r r i i ' T ; " - refer in '• ' ;[ ' '• 
pounds in r lie rabies . 

(Hi R. A. Kinnegan and P. I., ISachman, •/, One C o , , , , , 3 0 . 414,1 ItMitn. 
•7 ' If. f. Crown and C, P . C.ara. .1. 4 «,,•;'. Chun. ,s'o, ., 83, 2«o2 ; Kllil . 
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TABLE I 

ALKYLATED AND NOXALKYLATED DERIVATIVES OF 1,2,3,4-TETBAHYDHOCAHBAZOLE-3-CARBOXYLIC ACID 

-R 

R' 

Formula 

C13H I3X02 

C„H1 5X02 

doHuNO. 
C16Hi,NO, 
C17H21X02 

CisH23XO> 
Ci6H19NO, 
CnH2 1NO, 
C18H17X02 

Ci9H19X02 

Ci3H15N02 

C16H19N02 

C n H,iN0 2 

CnH2 1N02 

C18H23X02 

C2oH2»N20,s''' 
ColH3oN20, , ' / 

Ci9H26N202* 
C2iH28N,02

m 

C2iH.,N20:!° 
C22H30X2O2

5 

C22H32X202
r 

C 2 1 H, ,ON 2 (V 

C22H32X202 

C17H22X20 
C17H24X2» 
C13H15NO 

" Analytical results obtained for the indicated elements were within ± 0 . 4 % of the theoretical values. b Glacial AcOH. " CH3OH. 
d Petroleum ether-C6H6. " Benzo[b]l,2,3,4-tetrahydrocarbazole. f From naphthylhvdrazine by addition of ketone to refluxing hydra
zine. "Hydrochloride, mp 200-200.1°; Anal. (C20H29ClX2O2) C, H, CI, X. * Methiodide, mp 144-146°; Anal. (C2iH3iIX202) I. 
• Maleate, mp 123-124°; Anal. (C25H34X206) C, H, X. ' Methiodide, mp 148-148.5°; Anal. (C22H33IX202) I. * Methiodide, mp 185-
187°; Anal (C20H2!,IX2O2) I. ' Pvrrolidinoethyl. » Maleate, mp 144-145°; Anal. (C25H32X206) C, H, X. » Morpholinoethyl. "Mal
eate, mp 160-161 °; Anal. (C25H35X207) C, H, X. ? Piperidinoethyl. « Maleate, mp 153-155°; Anal. (C26H34X206) C, H, X. ' Fum-
arate, mp 119-121°: Anal. (C26H36X206) C, H, X. » Hydrochloride, mp 140°; Anal. (C2iH3iClN02) CI. ' E t 2 0 . "Hydrochloride, 
mp 221-224° ; Anal. (C17H2oClX2)CI. " Et20-ligroin. 

Com
pound 

1 
2 
3 
4 
5 
6 
7 
8 
9" 

10" 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
45 
46 
47 

R 

COOH 
COOCH3 

COOC2H5 

COOC3H-
COOC4H9 

COOCoHn 
CH2COOC2H;i 
(CH2)2COOC2H5 

COOCH3 

COOCoH; 
OCH3 

COOC2H3 

COOC3H-
CH,COOC2H5 

(CH2)2COOC2H-, 
COOC2Ho 
COOCoHr, 
COOC2H, 
CO()C2H5 

COOC2H5 

COOC,H5 

COOC2H3 

CHoCOOC.H.-, 
(CH2)2COOC2H3 

COX(C2H5)2 

CH.XfCoH,)" 
CHjOH 

R' 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 

CHS 

CH:, 
CH3 

(CH2)3X(CH3)2 

(CH2)2X(C,H5)2 

(CH2),X(CH3), 
(CH2)2X(CH2)4' 
(CH2)2X(CH2),0" 
(CH2)2X(CH2) / 
(CH2)3X(C2H,)2 

(CH,)3X(CH3), 
(CH2);,X(CH3>, 
H 
H 
H 

Mp or bp, °C (mm) 

196-198" 
68-69.5" 
94.5-96" 
102-104= 
126.5-127.5" 
74.5-75.5" 
127.5-128" 
200-202 (0.06) 
192-193.5" 
179-180" 
107.5-110" 
157-163 (0.03) 
167-173 (0.15) 
156-160 (0.025) 
165-173 (0.035) 
162-169 (0.08) 
161-170 (0.05) 
165-170 (0.05) 
159-166 (0.025) 
185-195 (0.03) 
175-185 (0.04) 
172-180 (0.04) 
178-188 (0.06) 
175-185 (0.05) 
130-131' 
150-155 (0.5) 
95.5-981 

Yield, % 

88.0 
83.9 
86.4 
82.5 
84.4 
79.8 
87.8 
84.4 
82.6 
81.9 
78.6 
70.6 
71.9 
82.6 
72.6 
62.3 
61.3 
38.2 
10.6 
48.2 
46.9 
57.6 
57.3 
55.9 
69.6 
87.9 
92.4 

Method 

A 
A 
A, B, C 
A 
A 
A 
A 
A 
A-' 
PJ 
A 
A, B 
B 
A 
B 

Analv 

c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c, 
c 
c, 
c, 
c, 
c, 
c, 
c, 
c 
c 
c 
c 
c 

H, 
H, 
H 
H, 
H, 
H, 
H, 
H, 
H, 
H, 
H, 
H, 
H, 
H, 
H, 
H 
H, 
H, 
H, 
H 
H 
H 
H 
H 
H 
H 
H 

sesf 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
N 
X 
X 
N 
X 
X 
X 
X 
X 
X 

TABLK II 

XT-HuBSTITUTED ACRYLONITRILE DERIVATIVES 

.R 

C—R' 
Formula" 

C17H18X,02 

C15H20X2O2 

Ci9H22X202 

C20H24X2O, 
C21H26X202 

CI9H22X202 

Ci6H„NOi 
" Analytical results obtained for the indicated elements were within ± 0 . 4 % of the theoretical values. All compounds were analyzed 

forC, H,"X. b MeOH. " Petr ether-MeOH. " Petr ether-C6H6. ' Benzo[5]l,2,3,4-tetrahydrocarbazole. ' EtOAc. 

Compound 

25 
26 
27 
28 
29 
30 
31 
32 

R 

COOCH:, 
COOC.H.5 
COOC3H7 

COOC4H9 

COOC.-.Hn 
CH,COOC2H, 
COOCH, 
COOH 

R' 

X 
X 
X 
X 
X 
X 
X 
OOH 

Mp, °C 

105-106. .i6 

90-92" 
91.5-931-
77-77.5" 
78-79" 
60-61.56 

163-164.5* 
165-166.5/ 

Yield (%) 

82.2 
85.6 
84.4 
82.4 
79.7 
70.9 
74.6 
71.6 

25 ml of DMF. After 1.5 hr, 6.1 g (0.05 mol) of Me2X(CH2)3Cl 
was added slowly, maintaining constant temperature. The 
mixture was stirred overnight and an additional 3.1 g (0.03 mol) of 
chloride added and heated for 1 hr at 70°. After cooling, it was 

worked up in the usual manner. Distillation of the residual oil 
gave 16, 10.2 g, 62.3% [bp 162-169° (0.8 mm)]. Compounds 
17-24 in Table I were also prepared bv this procedure. Anal. 
(C20H28X2O2) C, H, X. The hydrochloride of 16 had mp 200-
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Sriu.MK 1 

+ 

N R ' X H <)* 

I II 

R' = H o r C H R = H o r C . 

1 

. C O R 

CO K 
CH_=<'H('N 

i OH" 

VI 

R' = <CH_),CX or ( C H J - C ' O O H 

CO R 

COR 

•COCH-

V IV 

R = Dia lky l aminoa lky l K " = Dialkv ' iaminoalkvl 

R' = H or CH 

VII 

\ '<. l . IM 

_' H.VC H , 

:•• I . A H 
r"i U 

^-~-
: I 

"1 
H 

. / '- 'H.X 

T 1 y (" _. 

' I 'AHI. I : I I I 

. ')-A('lI) AND Es'l 'KH E X O H A X G K D t a i l V A T l V I . : 

'CJ1 _).tCOOR 

Compound 

33 

34 

35 

36 

37 

3S 

39 

40 

41 

42 

43 

44 

" See Exper 

' M e O H . d i-

CI. * Hvdroc 

;->XiO 

i ,X 'C 

H 
H 
H 
H 
H 
(CH, 
(CHo 
(CH, 
(CH, 
iCH. 
iCH, 
(CH, 

imental Sec 
•Pr()H-IC() 
'hloride. m[i 

):<X: 

I'jX'i 

!:,X( 

i:,X. 

i:;X 

H j i j O ' 

H:,; : 

H2,,l> 

H , •, 

IL, >, 

H.-: 

.ion. ; 'Ai 
• Kt()H 

I s s l O l C ; 

R' 

CH:, 
CH3 

OIL, 
II 
H 

n 
H 
II 
CH:, 
CH:: 
CH:, 
CH:, 

alytical 
as hvdr 

Anal. (C 

resul ts obt 
ochlor ide i. 
I L H O T C I X O C 

M ] I or )>p, -(S i nun i 

174-177" 

136-137..V 

155 1.")«.,") '" 

2 0 3 - 2 0 4 ' 

i:i6--i:j7 .")• 

mi) H i e 

1S2 1S4' 

195- lilt) (0 15, 

20.1 210 (0 10) 

ISO- IS" ( 0 . 0 7 , 

190-191 (0. 10 I 

202 207 0) 07) 

a ined for the ind ica ted e l ements were wi th in = 0.4'V of the theore t ica l value-
> M o r p h o l i n o e t h v l . " Hydroch lo r ide , rap ISO- 1S1.:>° : Anal. •• (.,,11,701X4 )•• 

) , ) C , II , CI, X . •' Hydroch lo r ide , m p 124-127 : Anal. K ' , H 3 , C ] X 4 >, . CI. 

V i e l . i . ',. 

93 s 
02. ."i 
ss . ;> 
on. 3 
93 s 
17 4 
10 2 

5 s 7 
02 2 
(ill !) 

04 s 

0 2 . 0 

A l e i h o . l 

\ 
A 
B 
B 
B 
B 
B 

Formula 

CMHL-.XO, 

C J I . T N O S 

CI6H,„XO, 
CJT.-.XO. 
C J I I T X O , 

C1PH,7C1X,(), 
C19H,,,C1X,():, 
C„H,4X_,0, 
C, ( lH,„X,0/ 
C1SHMXoO," 
C,!JII,sX,0, 
CJUXOO,1 

AlBl iM' ; 

0 , H , X 

C. H , X 

C. H. X 

('. H, X 

C. H. X 

c. n. ci. 
C. II. Ci. 
('. H, X 
C. II, X 
C. II, X 
C. H, X 
c , II. X 

X 
X 

200.1° (EtOH-Et , (C. Ana:. ,Ci,,H,.,ClXi(.),! C, H, CI. X. The 
methiodideof 16had mp 144-140° (EtOAc. Anal. (C,iH ;,,IX20,) 
I. 

3-Carbethoxy-9-, 3-cyanoethyl i-l,2,3,4-tetrahydrocarbazole 
(26) (VI, R = C.H,; R' = CH,CH,CN).—To 15 g (0.052 
mol) of 3 in 75 ml of dry CH. , was added 1.5 ml of trimethyl-
benzylammonium methoxide (40' , in MeOH), followed by the 
slow dropwise addition of acryluuiirile (5.5 g, 0.104 mol). After 
the addition, the solution was stirred and refluxed for IS hr, 
cooled, acidified with HC'l ' 1 : 1 ' . washed with saturated XaCi, 
and dried (XTa>SO,). Removal of the solvent produced a thick, 
brown oil which solidified, liecrystallization (MeOH-petroleum 
ether) yielded white crystal-, rap 00-92°, 13.2 g, 85.69c Com
pounds 25-31 in Table II were prepared bv this procedure. Anal. 
(C^H^XjOa) C, H, X. 

9-(2-Carboxyethyl)-l,2,3.4-tetrahydrocarbazole-3-carboxylic 
acid (32) (VI, R = H; R' = iCH2)C02H).—Compound 26 
(10 g 0.03 mol) was dissolved in 400 ml of 90% EtOH containing 
S3.2 g (1.48 mol) of KOH. The solution was refluxed for 48-72 

hr and cooled, the solvents were removed under reduced pressure, 
and the dry cake was dissolved in H,(), filtered, and acidified with 
concentrated HOI. Three recrystallizations (EtOAci produced 
32, mp 165-100.5°, 7.0 g, 7 ] . 6 r

t . Compounds 25-29 in Table II 
produced the same diacid. Anal. (CieHnXOi! C. H, X. Di
ethyl ester was obtained as a yellow oil [bp 189-104° 0.1 nun' . 
Anal. ( C J O H M N C M C , H, X. 

9-Methyl-l,2,3,4-tetrahydrocarbazole-3-carboxylic Acid 33; 
iIII, R' = CH.,; R = H).—Compound 12 (25.4 g. 0.1 mol i and 
S.4 g (0.15 mol) of KOH were dissolved in 500 ml of 05'", EtOH 
and the solution was refluxed for 1.5 hr. Evaporation produced a 
solid which was dissolved in IT/.), filtered, acidified with 10' , 
HC1, filtered, washed with H,0 , and dried. Recrystallization 
(.MeOH) gave 21.5 g, 03 .8 ' ; , of 33, mp 174-177°. A mil (',,-
H,.-,NO,)C, H , X . 

Compounds 2-6 in Table 1 produced the same acid, 1. while 
12 and 13 produced t he same acid, 34. 

Ester exchange. Method A. 3-(2-Diethylaminoethyl)-l,2,3,-
4-tetrahydrocarbazoIe-3-carboxylate (38) [V, R' = H ; R 
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= (CH2)2N(C2H5)2.—Compound 3 (70 g. 0.30 mol) was dissolved 
in 850 ml of xylene and added over 15 min to a cool mixture of 
EtjXCCHOaOH (0.60 mol and 2 g (0.10 g-atom) of Na. After 
refluxing for 5 hr, the condenser was disconnected and 100 ml of 
distillate collected. Fresh xylene (100 ml) was added and the 
reaction proceeded overnight. The solvents were removed until 
about 50 ml remained. After cooling, the residue was triturated 
with concentrated HC1 (200 ml) until a solid residue formed. 
This solid was dissolved in EtOAc-Et.O (5:1) and treated with 
20% NaOH until basic. The aqueous extracts were reextracted 
with EtOAc-Et 2 0 (2:1), and the organic layers were combined, 
washed with saturated XaCl, and dried (CaCl2). Evaporation of 
the solvents and treatment of the residue with alcoholic HC1, and 
E t 2 0 and refrigeration, yielded crude 38 • HCl, which on treatment 
with C and recrvstallization from absolute EtOH gave 17.4 g, 
16.5%, of 38, mp"l90-191°. Anal. (C,3Ho7ClX202) C, H, CI, N. 

Method B. 3-(3-Dimethylaminopropyl)-9-methyl-l,2,3,4-
tetrahydrocarbazole-3-carboxylate (42s [V, B' = CH3: R 
= (CH2)3N(CH3)2l.—Compound 12, 48 g (0.20 mol), was dis
solved in 150 ml of absolute EtOH and added to a solution of 
KOH (11.2 g, 0.20 mol) in 250 ml of absolute EtOH. After 
refluxing for 1.5 hr, the solvent removed in vacuo, the K 
salt (III, R ' = CH3; R = K, 16 g. 0.07 mol) was suspended in 
300 ml of dry toluene, stirred, and heated to reflux, and 10 g (0.07 
mol) of (Me)2N(CH2)3Cl in 50 ml of dry toluene added over 1 hr. 
After 8 hr an additional 5 g of chloride was added and the mixture 
refluxed for a total of 72 hr. The mixture was cooled and worked 
up in the usual manner. Distillation produced an oil, 13.4 g, 
60.9% [bp 180-187° (0.07 mm)]. Anal. (Ci9H.2«N..02) C, H, N. 
The hydrochloride o f42hadmp 188-190° (EtOH). Anal. (Ci9-
HjjClNiA) C, H, CI, N. Compounds 40-45 in Table III were 
synthesized by this method. 

3-Diethylcarboxamido-l,2,3,4-tetrahydrocarbazole (45).—To a 
500-ml aliquot of the acid chloride of III I'R = R ' = H, ca. 
30.6 g, 0.14 mol) in a 1-1. flask was added a 3 M excess (30.7 g) 
of Et2XH and the solution refluxed for 1 hr. After cooling, the 
solution was washed (10%, HCl, H2O. 10% XaOH, and saturated 
XaCl). The organic layer was dried (Xa2S04) and evaporated 
to an oil which, after distillation [bp 215-220° (0.2 mm)], solid
ified into a glass; yield, 22 g, 69.9%. Recrystallization pro
duced crystals, mp 130-131° (Et-OI. Anal. (C17H22X2O) C, H, 
X. 

3-Diethy!aminomethyI-l,2,3,4-tetrahydrocarbazole (46) (VII). 
—The amide 45 (6 g, 0.02 mol), dissolved in a mixture of dry 
C6H6 (100 ml) and anhyd E t 2 0 (100 ml), was added to a solution 
containing 3.5 g of LAH in anhyd Et 20. After refluxing 
overnight, the mixture was decomposed with H 2 0 and worked 
up in the usual manner. The residue was distilled [bp 150-155° 
(0.5 mm)] to produce a yellow oil, 4.5 g (87.9%). Anal. (Cn-
H24X2) C, H, X. 46-HC1 had mp 221-224° (EtOH). Anal. 
(C„H2oClX2) CI. 

3-Hydroxymethyl-l,2,3,4-tetrahydrocarbazole (47).—Reduc
tion of 12.5 g (0.05 mol) of 3 with 7 g of LAH occurred on refluxing 
overnight. The carbinol, 47, mp 95.5-98.° (Et20-ligroin), 9.7 g, 
92.4%, was obtained on distillation of the residue [bp 167-177° 
(0.1mm)]. Anal (C13Hl:,X0) C, H, NT. 
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Very recently, we have demonstrated that in rabbits 
17a-methyltestosterone, a more potent androgen than 
testosterone in oral therapy, is converted into 16-
oxygenated 17a-methyl-5/3-androstanes, 1 and 4, in 

high yields, and 6 in very minor yield.1 The preferential 
formation of the 16^-hydroxy-5/3-steroid to its 16a-
hydroxy isomer was the first instance with respect to 
the metabolism of Ci9 and other steroids in the animal 
body and seemed to be attributable to a steric effect of 
the 17a-Me since 16-hydroxylation of Ci9 steroids is 
known to occur at a in vivo2^ and in vitro.i~li Our 
attention, therefore, has been focused on the role of the 
17a-Me in the conversion of 17a-methyltestosterone 
into 1 and interconversion of 1 into 6 through 4. 
Further systematic investigations on this problem were 
required on these 16-oxygenated steroids, of which 1 
has already been synthesized in good yield from 3a, 17-
dihydroxy-5/3-androst-16-ene diacetate.1 We now wish 
to report the synthesis of 4, 6, and their derivatives. 

R0-' RO-' 

1,R1 = R 2 = R 3 = H 

3,R1 = C0Ph;R2 = R3 = H 

OH 

6,R = H 
7,R = Ac 

8,R = H 
9,R = Ac 

AcO'' AcO' 

10 

.OAc 

The 16a-hydroxy steroid 6 was synthesized by the 
acid treatment of 10,1 followed by the Grignard reaction 
of the resulting 16a-acetoxy-17-ketosteroid 11. The 
reaction of 11 with MeMgl did not proceed stereo-
selectively and gave a mixture of two triols, 6 and 8, in 
a ratio of 3:1, while the same Grignard reaction of 16-
epimer of 11 resulted in specific production of 1. This 
indicates an interfering effect of the 16a-OH on the 
a-side attack of the reagent at the 17-C=0. Assign
ment of the structures of both triols was carried out by 
the acetonide formation test and comparison of chemi
cal shift value of 18-Me protons of their diacetates, 7 
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