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Further derivatives of 10,11-dihydro-5H-dibenzo[a,d]cycloheptene were prepared as potential antidepressant

agents.

5H-Dibenzo[a,d]cyclohepten-5-one and the corresponding 10,11-dihydro ketone were allowed to react

with a variety of organometallic reagents to give tertiary carbinols, from which additional compounds were pre-

pared by dehydration and reduction procedures.

In the first paper of this series,® the synthesis and
pharmacological properties of a series of dialkylamino-
alkyl and dialkylaminoalkylidene derivatives of 5H-
dibenzo [a,d Jcycloheptene and the corresponding 10,11-
dihydro derivatives were reported. We now describe
some further derivatives of this tricyclic system, pre-
pared as potential antidepressant agents.

The tertiary carbinols (IT; Table I, 5-14, 17-19, 21,
and 22) were prepared by the Grignard addition of a
magnesium or lithium derivative to the tricyelic ketone
I. In addition, sodium acetylide and the sodium
derivative of 3-dimethyl-amino-1-propyne were added

0 HO R
Ja, Y = CH,CH,; X =H 11
b, Y = CH=CH; X = H
¢, Y = CH.CHy,; X = Cl
d, Y = CH=CH; X = Cl

to Ia to give the expected tertiary carbinols in 89 and
649, yields, respectively.

5H-Dibenzo[a,d Jeyclohepten-5-one (Ib) and the 3-
chloro derivative (Id) readily underwent a normal
Reformatsky condensation with ethyl bromoacetate.
However, in several attempts to effect this condensa-
tion with the saturated ketones Ia and Ic under simi-
lar reaction conditions, only starting ketones were
recovered.? The attempted condensation of Ia with
ethyl acetate and sodamide in liquid ammonia?® gave
the diol III in 339, yield. The same compound was
isolated in an attempt to prepare N,N-dimethyl-2-
(5-hydroxy-10,11-dihydro-5H-dibenzo [a,d Jeyclohepten-
5-yDacetamide by a similar alkylation reaction of Ia
with N,N-dimethylacetamide.
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(1) F. J. Villani, C. A. Ellis, C, Teichman, and C. Bigos, J. Med. Pharm.
Chem., 8, 373 (1962).

(2) 8. G. Winthrop, M. A. Davis, G. 8. Myers, ]. G. Gavin, R. Thomas,
and R. Barber [J. Org. Chem., 27, 230 (1962)] reported the preparation of
ethyl (10,11-dihydro-5H-dibenzo[a,dlcyclohepten-5-yliden)acetate under
rigorous reaction conditions and of the corresponding 5-hydroxy compound
by the procedure of K. Sisido, H. Nozaki, and O. Kurihara [J. Am. Chem.
Soc., T4, 6254 (1952)]. .

(3) C. R. Hauser and W. R. Dunnavant, J. Org. Chem., 25, 1296 (1960).

The piperidylearbinols listed in Table I were pre-
pared by the catalytic hydrogenation of the correspond-
ing pyridine carbinols. These reductions were carried
out at room temperature in ethanol solution containing
an equivalent amount of concentrated hydrochloric
acid using platinum oxide catalyst. This procedure
has been successful in our laboratory even when the
hydrogenation of alecoholic solutions of substituted
pyridine hydrochloride salts has failed.4

Catalytic hydrogenation of 5-hydroxy-5-(p-dimethyl-
aminopheny!)-10,11-dihydro-5H-dibenzo [a,d ]-cyclo-
heptene (IV) under these conditions gave a mix-
ture of 5-(p-dimethylaminophenyl)-10,11-dihydro-5H-
dibenzo [a,d leycloheptene (V) and 5-(4-dimethylamino-
cyclohexyl)-10,11-dihydro-5H-dibenzo[a,d]-cyclohep-
tene (VI). Compound V codistilled with VI and
the mixture formed a hydrochloride salt, m.p.

N(CH:;)Z N(CH3)2

225-227°. 'The ultraviolet absorption spectrum showed
a maximum of low intensity at 255 mu (log ¢ 3.86).
Chromatography on alumina resulted in the isolation
of V and the separation of the two stereoisomers of
VI, designated as isomers A and B. Nuclear magnetic
resonance spectra® show that isomer B is the ¢is form
and isomer A the frans form. Compound V isolated
from the chromatogram was identical with an authentic
sample prepared by the phosphorus-and-iodine re-
duction of IV. When the catalytic hydrogenation of
IV was carried out at 50-60°, only VI was obtained
as indicated by the absence of any absorption in the
ultraviolet spectrum of the product. The hydrogena-
tion of IV in acetic acid gave VI and a small amount
of the deaminated compound, 3-cyclohexyl-10,11-
dihydro-5H-dibenzo[a,d Jeycloheptene.

Representative tertiary carbinols (Table I) on heating
with a mixture of glacial acetic acid and hydrochloric

(4) The reason for this apparent anomaly i is not known. For further ex~
amples of this procedure see F. J. Villani, M. 8. King, and F. J. Villani, J.
Med. Chem., 6, 142 (1963).

(5) We are indebted to Dr. Leon Mandell of the Department of Chemis-
try, Emory University, for the n.m.r. data and interpretation. The spectra
of these compounds differ only in the region of § 2,65. Isomer A shows a
complex multiplet centered at & 2.68. Isomer B shows a sharp doublet (J
~ 1c.p.s.) at 8 2,63, These are assigned to the axial and equatorial protons,
respectively.
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Tasre |
7 | Y
N
HO™ R
Yield, N, Not- Caled., L¢ Found, <

No. Y R Method! 4 o, vent”? FFormuula [ I o it

] CH,—CH., (=CH f it 6970 A CrHO A 602 8699 612
2 CH,~CH. COCH, e, 43 169--170 B CirH0: R0.92 .39 N80 657
3 CH==CH CH,COOCLH; A 75 105 106 & CyH WOy TY.h3 6. 16 7743 625
4 CH,—CH, C=CCH.N(CH;). B 64 154 156 3] CoHay NOY N2 44 726 N2TT Tl
5 CeHy, I HH 1 Ca Ha O NG O2H NC27 NG 6D 796
6 CeH; 7 54 150-151" A

7 p-OCH,CeH, I 54 120121 A CHyO N3.51 6.37 N3 4N 6. 63
N p-N(CH;.CeH, C 67 146147 D CyHauN O/ N3R5 7.04 8402 70
9 »-N(CH;).CeH, ¢ 57 168170 b CuHaNOF N4.37 6.47 S4.60 6,83
10 p-CLCH,CH, I 69 104105 A CuH,Cl0 78.91 5.72 T8.N5 .00
11 2-C:HyN { 32 205-206" B} CyHizNO 83,50 5.96 83,26 6. 08
12 2-C.H,N l IS INT-180 D CaH . NO =408 5.30 N4 44 H.T2
13 3-C;HLN / H 170-171 I CoHipNO N3350 506 307 FIRIS
14 CH=CH 3-C:HyN { 20 2083204 (3 CogH i, NO" hESRE 5.30 R4 16 5 44
15 CHy—CH, 2-C;H; )N 1y

16 CH,—CH,  3-C:H,, N B 36 118125 A CaHaNO N1ONT 700 N2 08 7.55
17 CHy—CH. 2-C;HNCH. I 65 1171182 A CoHpyNO R34 6.35 N3N0 659
s CH,—CH, 4-C;H,NCH. » 42 176- 178 ¢ CyHWNO X364 6.35 N3 .38 6. 19
14 CH==CH 2-C;H,NCH. P 64 103-104 (@ CaHppNO 8425 5.72 8413 5.72
20) CH,—CH, 2-C;H;)NCH. D 5 H4-115 1y CoHagNO 8204 820 8226 EEN
21 CH,—CH, CH-CHN)(C:H) | 21 120~122 A CoyHay NO 8385 7.04 X4 .01 705
22 CHs—CH, CH2-C;HNCH;) K 27 116-119 A CorHaNO? 85,91 6. 14 85,39 6.27

Solvents used in recrystallization: A, hexane; B, toluene; C, methanol; 1), benzene-petroleum ether (b.p. 30-60°); E, petroleum
ether; F, isopropyl ether; G, benzene. * Sodium acetylide addition to ketone; see ID. Paupa, F. J. Villani, and H. F. Ginsberg, J. Am.
("hem. Soc., 76, 4446 (1954). < Boron trifluoride etherate method; see ). Papa, H. F. Ginsberg, and F. I. Villani, tbid., 76, 4441 (1954)
4 Oxime, m.p. 217-218°. dnal. Caled. for C;;H:NOy: C, 76.38; H, 6.41. Found: C,76.20; H, 6.80. < Hydrochloride salt, m.p. 162~
164°. Anal. Caled. for CuHaNO-HCL: C, 73.27; H, 6.77. Found: C, 73.38: H, 6.98. ¢ Usual Grignard addition to ketone. ¢ B.p.
210-217° (3 mm.). * W, Treibs and H. Klinkhammer, Ber., 84, 671 (1951). 7 Log ews mp 430, 7 Caled.: N. 4.25. Found: N,
4.51. * Caled.: N, 425, Found: N, 4.45. ! Usual pyridyllithium addition to ketone. = Reference 2, m.p. 208-203°. = Anal. Caled.:
N, 491, Found: N, 5.07. ¢ Tsolated as the hydrochloride salt; see Experimental section. » Addition of picolyllithium to the ketone.
@ Ref. 2, m.p. 114-115°. 7 Anal. Caled.: N, 4250 Found: N, 42850 »inal. Caled: NO3.T10 Found: N, 3.76, ' Capital letiers
refer to Kxperimental Section,

acid were converted into the unsaturated compounds Pharmacology.—The compounds were screened for
VIIand VIII. their effects on the autonomic and central nervous
svstems. Compounds having a tertiary hydroxyl

group at C-5 (Table 1) showed a very low order of
O pharmacological activity. In  the mouse activity

screent’ the most active compound in this series was

CHR CH 7\ VI with maximum activity found in isomer B.  Isomer

N= A showed slight activity whereas 1V and V were in-

] o , ) active. [somer B in the cat at an oral dose of 0.25
\ Uih Ili = f—’-L?ill)e!:lti.\}'l ’ VI IN g, 'kg. elicited the same behavioral effeets as 1 mg. kg,
(«)" R = 51{;;{3;3 o of compound VI and 2 mg. ‘kg. of amitriptyline. In

I i d ousl qf the unanesthetized dog, isomer B at an oral dose
reement w a previouslyv reporte - con- o , ) . . .
1 3?’““”%@ W ltl. Aa}ta,‘)p}{,(x) lflubdthdeIJELH dO_i)c()m of 30 mg. ‘kg. showed a transient slight merease in
p()u]].l ® IHL this bf‘“f; = b 1' Yy ,zi(?") B 1‘8}]1;0' mean blood pressure followed in 1 hr. by a slight de-
la,d]eycelo epten-s-ylidenemethy >p1pe“.lm ( . a) crease, and a prolonged slight increase in heart rate,
shows an ultraviolet absorption maximum f(it 240 No ECG abnormalities were noted and the animal
1’118/6 (i)l};g?unds Vb fi‘“(ll ) Hl(l show ml?““gla ﬁt showed a marked general stimulation from the comn-
}— im'l( i'fxm#’ ICbp(rgt‘lV'(; y. lhe e(i(o?yillc ) ouble pound. The oral LI in mice of isomer B is 175 mg.
oud 1 these compounds Is "O“J“g,ate_ with two aro- kg., and of VI, 5341 mg. 'kg. Isomer B showed moder-
matic rings as 1S,the doub‘le _bond ]111 -‘)‘H-d.lbenzo[a,d]- ately potent anticholinergic activity in the in vitro
cycloheptene (IX) (M 285 mu),! cis-stilbene (\ax guinea pig ileum preparation. The potency of this
2 3 6a in 2-sti zole : b O_ g . = Lt . i -2 A
',80 m.“)’ and‘lu 7 5t11bazol_g Q‘m“ 310 mu). - compound was 0.35 times the aectivity of atropine
("H-Dibenzo[a,d Jeyclohepten-5-ylidenemethyl)-pyri- | 4759 tines the poteney of VI, The complete bio-
e (V shows absornti i 295 9353 ) A . "
dine (VIII) shows absorption maxima at 225, 235, logical and clinical data on isomer B will be published

. A)()
and 290 . elsewhere.
(t) (a) “Organic Electronic Hpectral Data,” Vol. I, H. 5. Ungnade, Ed., (7) X, Irwin in "Clinical Pharmacological Techniques,” J. H. Nodine and
Interscience Publishers Ine.., New York, N. Y., 19680, p. 538 (b) hid .. P. 8. siegler, Fd.. Yearbook Medieal Publishers, Tne., Chicago, 111, 1968

Vol 2. p. 394, Chapter 4, in press.
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O
CH—R
Yield, M.p. or b.p. Caled., % Found, % Ultraviolet
Y R DA (mm.), °C. Formula C H N C H N  Apaxmu loge
CH,—CH. p-Cl-C¢H, 81 225-226 (1)  CuHiCl 83.39 5.41 83.11 5.39 285 4.34
CH,—CH. 2-C;H,N 66 89-90° CouHiN 89.01 6.05 4.94 88.78 6.12 5.02 295 4.24
CH,—CH. 2-C;H o N 53 208-210(1) CyHxuN 87.153 8.01 4.84 86.55 R.65 4.81 240 4.01
225 +.41
CH=CH 2-C;H,N" 42 250-251° CoHi N -HCI-H,O 75.08 5.40 4.17 753.49 5.21 4.52 '(’235 4.40
290 4.28

o Recrystallized from hexane. ¢ Isolated as hydrochloride salt.

Experimental®

The ketones required for this work were prepared as described
previously."*

A. Ethyl (3-Chloro-5-hydroxy-5H-dibenzo[a,d]cyclohepten-
5-yl)acetate.—To 24.4 g. (0.1 mole) of Id in 300 ml. of anhydrous
benzene and 10 g. of zinc (20 mesh) a solution of 16.7 g. (0.1 mole)
of ethyl bromoacetate in 200 ml. each of anhydrous benzene and
toluene was added portionwise. An additional 10-g. portion
of zine was added after one-half of the bromoester was added,
again after the completion of the addition of the bromoester and
a final portion after 1 hr. on the steam bath. The mixture was
heated under reflux with stirring for 4 hr. and allowed to cool to
room temperature. Dilute acetic acid was added and the mix-
ture was extracted with benzene and finally with chloroform.
The combined extracts were washed with water and with dilute
sodium carbonate (106;) solution and concentrated to dryness.
The product was recrystallized from methanol, yielding 20 g.
(63%); m.p.104-105°.

Anal. Caled. for C H:ClO;: C, 69.22; H, 5.18; Cl, 10.76.
Found: C,68.59; H,5.29; Ci, 10.66.

5-Hydroxy-5-(5-hydroxy-10,11-dihydro-5H-dibenzo[a,d} -

cyclohepten-5-y1)-10,11-dihydro-5H-dibenzo[a,d]cycloheptene
(ITII).—To a suspension of sodamide prepared from 2.4 g. of
sodium in 400 ml. of anhydrous ammonia in the presence of
ferric nitrate was added 8.8 g. (0.1 mole) of ethyl acetate fol-
lowed immediately by 20.8 g. of Ia in 40 ml. of ether. The red
solution was stirred for 1 hr. and poured into a slurry of ammo-
nium chloride. The ammonia was allowed to evaporate, ice-water
was added to the residue, and the product was extracted with
chloroform. The product, after removal of the solvent, was
recrystallized from ethanol, yvielding 14 g. (33%); m.p. 206-
208°.

Anal. Caled. for CyHaO:: C, 86.09; H, 6.26.
$%6.25; H, 6.03.

B. 5-Hydroxy-5-(3-dimethylamino-1-propynyl)-10,11-dihy-
dro-5H-dibenzo[a,d]cycloheptene.—To a suspension of sodamide,
from 5.3 g. (0.23 g.-atom) of sodium in 11. of anhydrous ammonia,
a solution of 16.4 g. (0.1 mole) of 2-bromo-3-dimethylamino-1-
propenel in an equal volume of ether was added dropwise and
the mixture was stirred for 1.5 hr. A solution of 21 g. of Ia in an
equal volume of ether was added dropwise and the mixture was
stirred for 2 hr. Ether (500 ml.) was added and the mixture
was allowed to stand overnight. After addition of water the
organic material was extracted with chloroform.

C. 5-Hydroxy-5-( p-dimethylaminophenyl)-10,11-dihydro-
5H-dibenzo[a,d)cycloheptene (IV).—To 2.75 g. (0.4 mole) of
lithium and 150 ml. of anhydrous ether was added a solution
of 40.0 g. (0.2 mole) of p-bromodimethylaniline in 200 ml. of
ether. The mixture was refluxed with stirring for about 4 hr.

Found: C,

(8 All melting points are corrected. Microanalyses were performed by
Mr., Edwin Conner of these laboratories. The authors gratefully acknowl-
edge the help of the Physical and Analytical Chemistry Department of
Schering Corporation for the ultraviolet absorption spectra determinations.
We also wish to express our gratitude to Drs. S. Irwin and F. Roth of the
Biological Division of Schering Corporation for the biological data re-
ported herein.

(9) Special care should be taken in the preparation of the phenethyl-
benzoic acids by the reduction of the benzalphthalides with phosphorus and
iodine. During the processing of these reactions in our laboratory a violent
explosion, the cause of which is not understood, occurred on two occasions.

(10) 1. Marzak, J. P. Guermont, and P. Epsztein, Mém. Serv. Chim. Etat
(Paris), 86, 301 (1951); Chem. Abstr., 48, 8724 (1954).

¢ Recrystallized from absolute ethanol-ether.

until the lithium had reacted. To the hot solution 20.8 g.
(0.1 mole) of Ia was added and the mixture was stirred and
heated for an additional 4 hr. The mixture was decomposed
with ice~water and extracted with ether., The ether extracts
were taken through dilute (109;) hydrochloric acid and the acid
solution was made basic with ammonium hydroxide and ex-
tracted with chloroform. The solvent was removed and the
residue was triturated with petroleum ether (b.p. 30-60°) and
recrystallized.

D. 2-(5-Hydroxy-10,11-dihydro-5H-dibenzo(a,d]|cyclohepten-
5-yl)piperidine Hydrochloride.—Five grams of 2-(5-hydroxy-
10,11-dihydro-5H-dibenzo[a,d] cyclohepten-5-yl)pyridine in 100
ml. of anhydrous ethanol containing 3 ml. of concentrated hydro-
chloric acid was hydrogenated in a Parr hydrogenator at room
temperature in the presence of 0.5 g. of platinum oxide catalyst
at 4.2 kg./em.? pressure. The reaction was permitted to run
overnight, the catalyst was filtered, and the solvent was removed
in vacuo on a steam bath. The residue was recrystallized several
times from a mixture of absolute ethanol and absolute ether,
vielding 2.5 g., m.p. 297-208°.

Anal. Caled. for C,xHuaNO-HCL: C, 72.94; H, 7.29.
C,73.17; H, 7.54.

If the hydrochloride salt did not crystallize readily, it was
dissolved in water, neutralized with ammonium hydroxide,
the free base was extracted with chloroform, the solvent was re-
moved, and the residue was recrystallized.

E. 2[«-(5-Hydroxy-10,11-dihydro-5H-dibenzo[a,d]cyclo-
hepten-5-yl)benzyl]pyridine.—To a refluxing ethereal solution
of phenyllithium prepared from 2.8 g. of lithium and 31.4 g.
of bromobenzene was added 33.8 g. (0.2 mole) of 2-benzylpyri-
dine. After an additional 0.5-hr. reflux, 20.8 g. of Ia was added
and heating was continued for 2 hr. The mixture was decom-
posed with water and the product was isolated in the usual
manner.

F. General Dehydration Procedure.—A solution of 10 g. of
carbinol, 20 ml. of concentrated hydrochloric acid, and 60 ml.
of glacial acetic acid was heated under reflux for 4 hr. After
removal of the solvents ¢n vacuo, the residue was dissolved in
water, neutralized with ammonium hydroxide, and extracted
with chloroform. These compounds are listed in Table I1.

5-( p-Dimethylaminophenyl)-10,11-dihydro-5H-dibenzo-
la,d]cycloheptene (V).—A mixture of 25 g. (0.076 mole) of IV,
78 g. of iodine, 39 g. of red phosphorus, 280 ml. of acetic acid, and
280 ml. of water was heated under reflux for 3 hr. with stirring.
The hot solution was filtered through a sintered glass funnel
and poured onto ice. The yellow precipitate was filtered, sus-
pended in water, made strongly basic with sodium hydroxide
solution, and extracted with chloroform. The chloroform was
removed and the solid was recrystallized from petroleum ether,
vielding 18 g. (76%), m.p. 100-102°, Amax 260 my (log € 4.23).

Anal. Caled. for CusHyN: C, 88.13; H, 7.40. Found: C,
87.89; H, 7.18.

The hydrochloride salt after recrystallization from ethanol-
ether melted at 247-248°.

Anal. Caled. for CuHyuN-HCL: C, 78.84; H, 6.73. Found:
C,78.74; H,7.02.

Reduction of IV in Ethanol.—A solution of 33 g. (0.1 mole)
of IV in 350 ml. of ethanol containing 8 ml. of concentrated
hydrochloric acid was hydrogenated at 4.2 kg./cm.? pressure in
the presence of 1 g. of platinum oxide catalyst for 20 hr. at room
temperature. The catalyst was filtered and the solvent was
removed. The residue was dissolved in water and made basic

Found:
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with ammonium hydroxide. The product wus extracted with
chloroform and distilled, b.p. 220-225° (2 mm.), 25 g. (80¢, ;.

Anal, Caled. for CouHowN: ), N6.47; H, 9.15; N, 438
Found: C,86.17; H, $.24: N, 4.36.

The hydrochloride, after rveervstallization from  ethanol
ether, melted at 225-227°.

Anal. Caled. for CyuHyyN-HCE: €, 77610 H, 843,
C,77.77; H, 7.63.

Chromatography of 10 g. of the free base in 75 ml. of pentane
was carried out in a 25 X 900-mm. column packed with 300 g.
of aluminum oxide. Fractions of approximately 200 mi. were
collected (Table TIT).

Found:

Tapre I11

Yield, AM.p..
Fluent Fraction  Compd. o€, 2,
Benzene( 10 }-pentane 613 vV 2.4 03-95

14-20 Trace
21-24 Isomer A 2.1
2532

Oily solid
H6-99

Fither(50¢ )j-pentane
Lither(75¢ }-pentane

Isomer B 3.5

Compound 'V, after recrystallization from petroleum ether,
melted at 100-102°. A mixture melting point with an authentic
sample prepared above showed no depression.

The hydrochloride salt of isomer A was prepared, m.p. 274~
275°.

Anal.  Caled. for CyHo N -HCL-0.53H0: C, 75.68; H, 8.40;
N, 3.83. Found: C,75.22; H, 8.43; N,4.32.

The salt was converted into the free base of isomer A, m.p.
090--91°, from hexane.

Anal. Caled. for CuHyeN: ) S6.47;
Found: C,86.76; H, 8.92; N, 4.20,

Isomer B was recrystallized from petroleum ether, m.p. 100~
101°.

Anal. Caled. for CupHeyN: O 86.47:;
Found: C,86.80; H, 9.24; N, 4.09.

The hydrochloride salt was reerystallized from ethanol-ether,
n.p. 272-273°.

H, 915 N, 4.3s.

H, 0.15; N, 4.3,

Vol 7

Anal. Caled. for CouHyyN-HCL O, 77.60; H, ~43; N, 3.00,
Found: €, 77.35: H, 882; N, 4.06.

Reduction of IV in Ethanol at 60°. —The same procedure us
above was used except that the reduction was carried out at
60-65°, b.p. 190-200° (2 mm.). The product did not show any
absorption in the uliraviolet.  Ten grams of this compound wiis
chromatographed on 300 g. of alumina and fractions of approxi-
mately 180 ml.were collected (Table IV,

TaprLe IV
Yield,
Compd. ' Mo, T
N S1-8T
l Oily solid
Trace Ol
Isomer B 2.4 HCI salt,
266-271
G509

Fraction
13-28

Fluent
Isomer A
Mixture

ISsther( 107 -pentane

| S A

Ether(13%:)-pentane
Iither(204; )-pentane

67--64

Fther 70-85 Isomer B 1.4

Reduction of IV in Acetic Acid.—Twenty-four grams (0.073
mole) of IV in 200 ml. of glacial acetic acid was hydrogenated in
a Parr hydrogenator in the presence of 2 g. of platinum oxide
catalyst at 4.2 kg./em.? pressure at 55-60° for 20 hr. The
catalyst was filtered and the solvent was removed on a steam
bath in vacuo. Dilute (109) hvdrochloric acid (300 ml.) was
added and the solution was extracted with ether. The acid solu-
tion was made basic with ammonium hydroxide, extracted with
chloroform, and the residue after removal of the solvent was
distilled, b.p. 185-200° (1 mnu), 186 g (81%). Lvapora-
tion of the ether solution gave 2.1 g. (1157) of 5-cyvelohexyl-
10,11-dihydro-53H-dibenzo[a,d]cycloheptene, m.p. 76-79°, from
petroleum ether.

Anal.  Caled. for CyHu: C,
91.20; H, 8.90.

91.25; H, 8.75. Found: C,

A Viscometric Study of Hydrogen-Bonding Properties of
Carcinogenic Nitrosamines and Related Compounds'

Manry F. Arcus, JosErH € Arcos, AHRAFUL AraM, axp JERRELL H. MaTHIsON

Seamen’s Memorial Research Laboratory, U. 8. Public Health Service Hospital, New Orleans, and
Department of Medicine (Biochemistry), Tiwlane University, New Orleans, Louisiana

Received December 9, 1963

The viscosity of the hepatic carcinogens, dimethylnitrosamine and dioxane, in binary mixture with either
water or propionic acid, shows a very large increase above the values of ideal mixing. No such increase is oh-
served in the absence of a proton donor, as with mixtures of dimethylnitrosamine-dioxane, dimethylnitrosamine

propionic anhydride, or dimethylnitrosamine-benzene.

The nonecarcinogenie 1,1-dimethylhydrazine is consid-

erably more potent in forming hydrogen bonds with water or propionic acid as measured by the extent of maxi-

mum viscosity increase.

However, while the viscosity of dimethylnitrosamine-water is independent of the pH,

neutralization of both basic groups in the hydrazine compound, as shown by its titration curve, causes considerable

decrease in the viscosity of its water solutions.

careinogenic activity of a small series of nitrosamines and dioxane.

Hydrogen bonding with propionic acid approximately parallels

The carboxyl group of proteins appears to

be the main participant in the hydrogen bonding of nitrosamines in the process of protein denaturation by these

compounds.

the amino electron doublet, resulting in lack of basicity of the amino nitrogen.

Hydrogen bonding with nitrosamines is through the nitroso oxvgen and involves displacement of

Aryl substituents decrease hy-

drogen bonding by redirecting the displacement of the doublet.

Interaction with funetional groups that partake in
intramolecular hydrogen bonding is commonly assumed
to be involved in the mechanism of denaturation of
proteins and nucleic acids by chemical agents. The
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