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SCHEXE I 

V 

sition of 2-methyl-2-thioisosemicarbazide1 the alterna- 
tive route via the thiourea IV was investigated. The 
thioureas vere prepared readily from the phenoxy- 
alkylamine and benzoyl isothiocyanate' followed by 
alkaline hydrolysis of the intermediate benzoylthiourea. 
Methylation, yielding the 2-methyl-2-thiopseudourea 
derivative V and subsequent hydrazinolysis afforded 
the pure aiiiinoguanidines 111. Similarly, reaction of 
I1 (R = 2,6-(CH&; n = 2) with phenyl isothiocyanate 
gave the 1-phenylthiuronium derivative VI which 
was readily converted to the arylaminoguanidine VII. 

VI 
,CHJ 

\CH 

VI1 

Reaction of 2-(2,6-xylyloxy)ethylhydrazine with 2- 
methyl-2-thiopseudourea sulfate yielded the amino- 
guanidine VIII. Our structural assignment was made 

&cH2CH2NH NH CmH, )=NH 

@m2cH2 - N (NH,) c NH2 )=NH 

CH, 
VI11 

CH3 
IX 

"CH, 
X 

011 the basis of the failure of VI11 to yield a benzal 
derivative but independently, Augstein and co- 
workers8 have confirmed that compounds of type VI11 

(6) A. F. McKay, D. L. Garmaise, H. A. Baker, L. R. Haukins,  T'. Falta, 

(7)  R. L. Frank and P. V. Smith,  "Organic Synthesis," Coll. Vol. 111, 
R. Gaudry, and G. Y .  Paris, J .  M e d .  Chem., 6, 587 (1963). 

John TViley and Sons, Inc., Ne\\ York, N. T., 1955, p. 735. 

(rather than the isomeric structure IX) are foriiied by 
the reaction of 2-(2,6-disubstituted phenoxy)ethyl- 
hydrazine with 2-methyl-2-thiopseudourea sulfate. 
Similarly, reaction of this hydrazine with 2-niethyl-2- 
thioisosemicarbazide yielded the diainirioguariidine 
x.9 

The phenoxyalkylaminoguanidille derivatives are 
liqted together with physical data and antiinflammatory 
activity in Table I. 

1-Amino-3-substituted guanidines (XI) were al-o 
prepared from phenylalkylamines. Similar method; 
mere employed and the conipouiids synthesized are 

XI 

R,Rj N(CHJ2NHC(=NH)NHNH2 

XI I 
listed in Table 11. AliscellaneouP aiiiirioguaiiidiiies 
synthesized including the dialkylaiiiinoalkyl deriva- 
tives XI1 are listed in Table 111. 

Cyclization of the 1-amino-3-substituted guanidines 
by formylation with formic acid followed by treatiiieiit 
with aqueous alkali gave mixtures of the isomeric tri- 
azoles XI11 [R = 2,6-(CH3)2C6H30(CH2)2 and C6H5- 
CH?] arid XIT'lO~ll (R = C6H6CH2). 

/=N N-TV 
RNHC(=NH)NHNH2 - RN 11 + R N H 3 '  

L N  N 

H COOH 

H,N H 
XI11 XI v 

Biological Activity.--Antiinflammat,ory activity was 
measured by a rat paw edema test using yeast as ir- 
ritant. l 2  In  this assay, 2-(2,6-xylyloxy)ethylguariidine 
(I, Table I, 1) was shown to have a pronounced activ- 
ity and a dose of 100 mg./kg. p.0. caused 50% inhibi- 
tion of edema format'ion. As phenylbutazone and most 
other clinically eff ect'ive antiinflammatory drugs only 
show significant activity in this test at doses approach- 
ing the LDbo, 1 was used as a standard for assaying the 
relative potency of other compounds in the series. 
The results are listed in Table I. 2-Phenoxyethyl- 
guanidine13 (2) had a marked potency in this assay 
and the aniinoguanidine 3 derived froni 1 was also 
highly active. St'ructural modifications of this latter 
compound including lengthening of the side chain 
beyond 3 carbon atoms (5  and 6)) niet'hylation of the 
guanidine group on the substituted nitrogen (9), the 
iritroduct'ion of a phenyl group on the uiisubstituted 
(8) J. hugstein, S. At. Green, A. R. Katri tsky, and A. hl. Monro, J .  -!fed.  

Chem., 8, 395 (1965). 
(9) K e  find tha t  2-(2,6-xylyloxy)ethylhydrazine reacts with potassium cy- 

anate and benzoyl isothiocyanate almost exclusively a t  the secondary amino 
function. This point will be discussed in a future publication. 

(10) K. Shirakawa, J .  Pkarm.  SOC. Japan., 80, 1550 (1950). 
(11) Y. hlakisumi and H. Kano, Chem. Pharm. Bull. (Tokyo), 11, 6 i  

(1963). 
(12) (a) J. Selitto and H. 0. Randall, Federation Proc., 13, 403 (1954); 

(b) H. Selye, Brit. Med.  J . ,  2, 1129 (1949). 
(13) Statements in recent publications [(a) J. Augstein and S. hl. Green, 

Nature, 20, 628 (1964); (b) J. Augstein, S. hl .  Green, 4. M. hlonro, G .  IT - .  
Potter, C. R .  Worthing. and T. I. TVrigley, J .  .Wed. Chem., 8 ,  446 (196513 
tha t  2-phenoxyethylguanidine was investigated by Kuroda in 1934 are in- 
Correct. The compound examined by A .  Iiuroda [Folia Pkarmacol. Japon. ,  
18, 106 (1934); 19, 18, (1934)l was in fac t  1-hydroxyphenethylguanidine, 
and the  mistake presumably arose by the  incorrect translation from the 
original German in Chem. Abstr., 19, 1504 (1935). 
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if ,  56-- 7- N, <%---- --C, %-- 7-- 

Found Caicd. Found Calcd. Found Formula Calcd. N.p., oc. 

112-119 
87-89‘ 
99-102d 
89-92d 

140-141d 
149-151d 
164-166” 
99-100f 

184-188 
2 1 1-21 30 
150-152c 

37 7 2  
33 55 
39 58 
41 28 
26 Ot5 
44 34 
38 57 
47 89 
58 67 
48 60 
36 17 

. . .  
37.40 
33.30 
39.83 
41.17 
27.12 
44.15 
39.44 
47.68 
58.84 
48,68 
36.44 

5.47 5.67 
4.62 4 .87  
5.82 5.88 
6.13 6 . 0 5  
3.52 3.41 
6.70 6.92 
5.81 5.67 
5 .44  5 . 3 0  
6.  .57 6.56 
7.06 7.26 
5 . 5 2  5.62 

. . .  . . .  
16.00 16.03 
17.39 17.54 
15,59 15.51 
14.81 14.96 
13.95 13.54 
13.79 1 4 , l l  
15.38 15.32 
13.15 13.40 
1 5  . 59 15. lt5 
20.66 20, 7 0  
19.18 19,41 

248-250h CiJIi.sX40 62.04 62.31 6.94 6.91 24.13 24,40 

cryitallized from isopropyl alcohol. ’ Recrystallized from ethanol-ether. Lit.8 m.p. 214216”. h Recrystallized from n-butyl 
slcollol. 

x p , ,  OC.  

207-2 10” 
234-2nd 
125-12‘ie 
141-144’ 

114 5-1190 
115.5-118 5’ 

128-i3nh 
130 5-136’ 

109-1153 
127.5-131’ 

-c, 5%- 
Calcd. Found 

. . .  . . .  

. . .  . . .  
l i .  16 17,33 
71 40 70.99 
62.81 62.46 

33.55 33,79 
. . .  , . .  

36.08 36,47 

--H, %- 
Calcd. Found 

. . .  . . .  
. . .  . . .  
. . .  , . .  

29.42  29,48 
6.57 6.39 

5 . 2 7  5.35 

4.69 4 . 7 0  

5 . 2 3  5.20 

. . .  . . .  

. . .  . . .  

62 05 62 17 5 79 5 69 

f From isopropyl alcohol. 
tion with silver nitrate. 2 From ethanol-ether. Lit.lo m.p. 206-209”; from n-butyl alcohol. 

Q From beiizene-petroleum ether (SO-SO”). * From i\opropyl alcohol-ether. 

tiorial assay for antiinflammatory activity. Phenyl- 
butazone and most other nonsteroidal antiinflammatory 
drugq are active in this test. The only compounds 
found to have significant activity in this series were 
aiiiirioguariidine derivatives and of particular interest 
were 1-amino-3- [2-(2,G-xylyloxy)ethyl]guanidine (Table 
I, 3),  with activity 0.14 tinlei phenylbutazone, and 1- 
amino-8-(2-chlorobenzyl)guaniditie (Table 11, 18), 0.11 
times phenylbutazone. Compound 3 was also active 
in the Randall and Selitto test l 7  for analgesic and anti- 
pyretic activity a t  200 mg./kg. p.0. 

Examination of the aminoguanidine 3 for other bio- 
logical activities showed that the compound had sym- 
pathetic blocking activity1 a t  20 mg./kg. S.C. In  citro 

(17) L. 0. Randall and J. J. Sehtto, A r c h .  Intern. pharmacodyn , 111, 409 
(1957). 

-N, %--- 
Calcd. Found 

. . .  ... 
. . .  . . .  
. . .  . . .  
3 71 3 56 

22 12 21.95 
19 4.5 19.18 
17 16 17 21 
17 39 17.36 
29 03 28 87 
15 30 15.08 

32.17 32.22 

* From hydriodide by reac- 

assays revealed that 3 also had weak anti 5-hydroxy- 
tryptamine (3-HT) activity (0.01 times lysergic acid 
diethylamide when measured by inhibition of 5-HT- 
induced contraction of the rat uterus) and nionoamine 
oxidase inhibitory activity a t  0.3 nig. /m1.18 The rele- 
vance of any of these actions to  the antiinflammatory 
activity is unknown at  present. 

Experimental SectionlS 
Preparation of 1-Amino-3-substituted Guanidines.-Com- 

pounds 3-8, 17, 18, 21-24, and 27-30 (see tables) were prepared 
from the appropriate amine and 2-rnethyl-2-thioiaoaemicar- 

(18) (a) -4. A. Waynes, Y. C .  Gladish, and J. D. Taylor, Federation PTOC., 
18, 462 (1959). (b) The  1,6-diohloro analog of 3 is stated by  bugstein, 
et  aI.,8 to be an  inhibitor of dopamine ,%oxidase in v i t r o .  



2 (i 

Found: I, 54.90. /l.lnal. Calcd.: SI 18.95. Found: N, 1KkO 

1J:mide hydriodide i r i  e thand.  The experimental procedure i,. 
typified as follows. 

I-Amino-3- j2-(2,6-xylyloxy )ethyl] guanidine Hydriodide (3). ~~ - 

A misture of 2-(2,6-~ylylosy)ethylaniine (42.5 g., 0.26 mole) and 
:3-11iethyl-2-thioisosemicarbazide hydriodide (60.1 g., 0.26 mole) 
i r i  ethanol (200 nil.) was heated under reflux for 2 hr. Conceri- 
tration t o  about 50 nil., followed by the careful addition of dry 
ether afforded the crude arninoguanidirie. Purification was 
a&ieved 11y allowing a solution of this material in iwpropyl 
dcohol t ( ~  stand at riiorn temperature overnight. Crystals 
separated out which were removed by filtration (3.3 g.) affording 
needle? froni ethanol: m.p. 191.5-192'. This material is 
r)resumably 3,4,5-trianiiiio-I,2,4-tria~ole heniihydriodide (1it.O 
1n.p. 192-193"). The sulfate salt, prepared by using ,silver 
sulfate, had m.p. -280" der. 

Anal. C a l d .  for (CJ€sK;6)2~I&SOa: C, 14.71: I€, 4.33; 3, 

(hiiceiitratioii of the filtrate and addition of et,her yielded the 
nniirioguanidine in  2 crops, n1.p. 102-112" (29 g.) and n1.p. 
Oc5-1000 (19 g.). Further  recrystallization^ of the combined nia- 
terial from isopropyl alcohol yielded the pure product, m.p. 
111-114.5' (23.7 g., 26%). 

1-[2-(2,6-Xylyloxy)ethyl] thiourea.--l3erizoyl chloride (14.2 g., 
0.1 mole) was added dropwise to :t solution of ammoniuni 
lhiocyaiiate (7.8 g., 0.1 mole) in dry acetone (50 nil.). The 
multiiig mixture was heated under reflux for 5 min., and 2- 
(2,6-xylylosy)ethylamine (16.6 g., 0.1 mole) was added, main- 
taining a gentle reflux. .4fter addition, the mixture was heated 
under reflux for 1 hr. and added to water (500 ml.). The crude 
Ijenzoylthiourea which precipitated was separated and hydrolyzed 
directly with 350 ml. of boiling 2.5 S KaOH for 5 niin. The solid 
bo obtaiued was filt,ered off and recrystallized from ethanol afford- 
ing t>he pure thiourea (15.2 g., 687,), m.p. 182-194". 

:Znal. Calcd. for CllHl,?;20S: (7, 58.89; H, 7.19; 3, 12.45: 
S, 14.29. Found: C, 5838; I€, 7.04; K, 12.59; S, 14.16. 

1- [3-(2,6-Xylyloxy)propyl] thiourea was prepared in at1 ideri- 
tical manner from 3-(2,6-xylyloxy)propylamine1 in 467, yield. 
I t  h :~d 1n.p. 117-120". 

.lnaZ. Calcd. for CI2Hl,KzO28: C, 60.47: 11, 7.61; 3, 11.76. 
Found: C, 60.14; H, 7.45; N, 11.97. 

1-Methyl-1- [Z-( %,6-xylyloxy )ethyl] thiourea.-The intermedi- 
ate benzoylthiourea, m.p. 135-136', was prepared in the usual 
maiiiier from l-methyl-2-(2,6-sylyloxy)ethylamine [synthesized 
from 2-(2,6-xylosy)et.hylamine and chloral by the method of 
13licke iiiid Leez0] ; IICl m.p. 141--142". 

.inul. Calcd. for CllII1;NO~HC1: '2, 61.24; H, 8.41; 3, 
6.49. 

The t~enaoylthiourea being derived from a secondary amine 
but 1300 conversion to 

the thiourea was achieved i n  refluxing l0yo ethanolic KOH 
for 30 min. (yield was not  improved by increasing the hydrolysis 
time to 22 111.). 

51.52. Fourld: C, 14.90; II,4.52; S, 51.50. 

Foiiiid: C ,  61.26; H,8.35: S, 6.64. 

ant to hydrolytic 

The product had m.p. 165.5-167'. 

(19) Melting points were recorded using an  Electrothermal apparatus 
comprising a pas-heated hlork and  H. tlierinometer ralibrated for  stem es- 
llmiire, 

( 2 0 )  I'. 1,'. Hlic,kt. a n i I  C ' .  1,w, ./. ,im. Cl/irm. , S O L ,  74, 3Wid (1!J.j2J. 
(21) I. 8. Uoiiglas and I;. B. 1)ains [ i b i d . ,  66, 1408 (1934)l have reyorlwl 

tile resistance to  Iiydrolysis of l-henaoylt,liioureas derived from secondas>- 
aruiueu. 

. t n d  Calcd. for Cl2Hl.J~O,S: C', 60.47; T i ,  7.61: r", l l . i ( i .  
Found: C, 60.70; 13, 7.66; S,  11.99. 

1 -Phenyl-3- 12-( 2,6-xylyloxy)ethyl] thiourea.--%( 2,G-Xylyl- 
(1xy)ethylamine (16.6 g., 0.1 mole) dissolved in dry ethanol (25 
nil.) \\-as added tu a warm solution of phenyl isothiocyanate (13.4 
g., 0.1 mole) in dry ethanol (25 Id.). The mixture was boiled 
for 2 hr. and cooled. The cryatallirie product, obtained w a ~  re- 
crystallized from isopropyl alcohol yielding the thiourea (24.4 
g., 83";), m.p. 113-11.5'. 

ilnal. Calctl. for CliH20N&S: C, 67.92; 11, 6.49; s. 9.4-1. 
Found: C, 67.96; 11, 6.i1; S, 9.33. 

1-Amino-3- [2-(2,6-xylyloxy)ethyl] guanidine Hydriodide (3):- 
A niisture of 1-[2-(2,6-xylyloxyethyl]thiourea (12.9 g., 0.06 
mole j and methyl iodide (7.8 g., 0.06 mole) in ethanol (100 nil.) 
was heated under reflux for 1 hr. Concentration followed hy 
the addition of ether yielded the 2-methyl-2-thiopseudourea hy- 
driodide which WAS recrystallized from isopropyl alcohol- 
ether yielding 13.6 g,, n1.p. 114-115.5". Reaction of 9.15 g. of 
this material with hydrazine hydrate (1.25 g.) in dry ethanol 
(SOnil.)atrefluxfor 3 hr.yielded6.1g. (48Yc)of 3,In.p. l l%-l15° 
(from isopropyl alcohol-et#her), identical with the product ob- 
tained from the amine and 2-methyl-2-thioisosemicarbazide 
h ydriodide. 

-1 nul. Calcti. for CllH18S40 . H I :  C, 37.72; H, 5.47; S,  16.00. 
Fouud: C, 37.81; H, 5.52: S, 15.79. 

1-Amino-3- [3-( 2,6-xylyloxy)propyl] guanidine Hydriodide (5). 
-In a similar manner 1- [3-(2,6-xylyloxy)propyl] thiourea (5 .0  

g., 0.021 mole) yielded 5 (5.6 g., 7 6 5 ) ,  m.p. 99-103.5', identicd 
with the material obtained from the amine and 2-methvl-2- 
t,hioisosernicarbazide hydriodide. 

l-Amino-3-methyl-3-[2-(2,6-xylyIoxy)ethyl]guanidine Hydri- 
odide (9).--In :I similar manner 1-1iiethyl-1-[2-(2,6-xylyloxy)- 
ethyllthiourea (0.8 g.. 3.4 mmoles) yielded 9 (0.8 g. ,  657;,) ,  

l-Amino-2-phenyl-3-[2-~2,6-xylyloxy)ethyl]guanidine Hydri- 
odide (10). - -1ri D similar manner l-pheny1-3-[2-(2,6-xylyl- 
usyjethylJthiourea yielded 10, m.p. 99-100', in 25y0 yield. 

2-(2,6-Xylyloxy)ethylaminoguanidine Sulfate (12).-2-( 2,6- 
Sy1yloxy)ethylhydrazine was prepared from 2-(2,6-x~.lyloxy)- 
ethyl bromide and hydrazine hydrate in ethanol; hydrochloride 

.-lna/. Calcd. for C1OHlGK2O.HC1: ( 2 ,  55.41; Fl, i . ! ) O ;  5 ,  
12.93. 

1:eaction of 4.3 g. (0.025 mole) of the hydrsziiie with 2- 
methyl-2-t,hiopseudourea sulfate (6.3 g., 0.025 mole) in water at 
reflux teniperatiire for 5 hr. yielded 12, m.p. 211-21:<O (frorri 
v-a t er ). 22 

1-Amino-3- [2-( 2,6-xylyloxy)ethylamino] guanidine Hydriodide 
(13).-2-(2,6-Xylyloxy)ethylhydrazine (4.72 g., 0.02 mole) %-as 
treated with 2-methyl-2-thioisosemicarbazide hydriodide (4.73 
g., 0.02 mole) in ethanol in the usual way. Recrystallization 
from isopropyl alcohol yielded 15 (2.07 g., 28%), m.p. 150-152'. 

1-Benzylideneamino-3-[2-(2,6-xylyloxy)ethyl]guanidine Sul- 
fate Monohydrate (ll).-l-Amino-3-[2-(2,6-xylyloxy)ethyl]gua- 
ilidirie hydriodide (5.0 g., 0.014 mole) was dissolved in water and 
niixetl with LI wlutioii of silver sulf:ite (2.85 g., 0.0072 mole) i l l  

i 22) Independently .Iiigstein, i't u/.,* prepared tl i iv aininogiinnidine by a 

111.p. 164-1 66". 

111.11. 108-110.5". 

Found: C, 55.24; H, 8.09; N, 13.04. 

. .. 

Liiiiiilar procedure. 
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water acidified with a few drops of glacial acetic acid. The 
mixture was set aside a t  room temperature with intermittent 
agitation for 2 hr. and filtered, and the filtrate was evaporated 
to dryness. The crude aminoguanidine sulfate (3.2 g.) so ob- 
tained was dissolved in water, filtered from a trace of insoluble 
material, acidified (HIS04), and, to the resultant solution, 
benzaldehyde (1.59 g., 0.015 mole) dissolved in ethanol was 
added. A white solid precipitated which was separated and 
recrystallized from isopropyl alcohol and finally twice from water 
to yield the product (1.5 g., 29%) as the monohydrate, m.p. 
184.5-186'. 
1-Benzyl-3-benzylideneaminoguanidine (19).-In a similar 

manner 1-amino-3-benzylguanidine hydriodide (20.0 g., 0.069 
mole) was converted to the sulfate and treated with benzaldehyde. 
The benzylideneaminoguanidine sulfate so obtained was con- 
verted to the free base by the addition of 407, NaOH. Re- 
crystallization from benzene-petroleum ether (60-80') yielded 
pure product (7.3 g , 427,), m p. 115-119'. The picrate had 
1n.p. 209-212" (lit.23 m.p. 215-216"). 

1 -Benzylideneamino-3-( 2-chlorobenzy1)guanidine (20).-In 
a similar manner l-amin0-3-(2-chlorobenzyl)guanidine hydrio- 
dide (15.0 g., 0 046 mole) was converted to 20, and the free 
base was purified by three recrystallizations from benzene- 
petroleum ether; yield 4.3 g. (337,), m.p. 115.5-118.5.' 

(23) W. G. Finnegan, R.  A. Henry, and E. Lieber, J .  Org. Chem., 18, 779 
(1953). 

3-Amino-4- [2-(2,6-xylyloxyethyl)] -1,2,4-triazole (14).-.4 sus- 
pension of l-amino-3-[2-( 2,6-xylylosy)ethyl]guanidine hy- 
driodide (5.0 g., 0.014 mole) in formic acid (15 ml.) waa boiled 
under reflux for 2 hr , evaporated to low bulk, diluted with water, 
and basified with NaOH solution. Solid separated on standing, 
which was filtered off, washed with water, and recrystallized 
from n-butyl alcohol, affording the triazole (1.9 g., 597,), m.p. 

3-Amino-4-benzyl-l,2,4-triazole (25) and 3-Benzylamino- 
1,2,4-triazoIe.-A suspension of 1-amino-3-benzylguanidine hy- 
driodide (80.0 g., 0.275 mole) in formic acid (16 ml ) was heated 
on the steam bath for 1 h r ,  cooled, diluted with water, and 
neutralized with NaHCOI solution. After standing overnight, 
the precipitated solid was separated, Fashed with boiling water, 
and recrystallized from n-butyl alcohol affording 25 ( 2 2  7 g ) 
as colorless plates, m.p. 213-215'. From the mother liquors, 
more of this compound was obtained (6.7 g., m.p. 212-215') 
and also 3-benzylamino-1,2,4-tnazoleZ4 (2.2 g.), m.p. 161-163" 
(lit.24 m.p. 164-166"). 

Acknowledgments.-Rlicroanalytical data were sup- 
plied by nlr. 11. Graham of the Analytical Department. 
The technical assistance of R h .  J. Gilder, 3Ir. G. Perry, 
and 3Ir. 31. Dimsdale is also gratefully acknowledged. 

248-250". 

(24) M. Pesson and G. Polmanss, Compt. rend., 247, i 87  (1958). 

Totally Synthetic Steroid Hormones. V.] 
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( i )-2,3-Dimethoxy-l13,5( lO)-estratrien-17-one and -17p-01 have been totally synthesized from 6,7-dimethoxy- 
1-tetralone. Their estrogenic and blood cholesterol lowering properties are recorded. 

We2 have demonstrated the flexibility of our recently 
described tot'al syntheses of estrone3 by their extension 
to a variety of related 13P-alkylgonanes. This paper 
describes a further application to compounds of the 
( *)-2,3-dimethoxyestra-l,3,5(10)-triene series which 
were required for biological evaluation. The project 
seemed worthwhile in view of the occurrence of 2- 
methoxyestrone as a metabolite of estradiol in man.4 

The 6,7-dimethoxy-l-tetralone (I) required as start- 
ing mat'erial was made, following Haworth and Martin,j 
by cyclodehydrating 4-(3,4-dimethoxyphenyl) butyric 
acid which was obtained in two stages from verat'role 
by a modification of the published method15 or from 
3,4-dimethoxycinnamic acid in five stages, by way of 
3-(3,4-dimethoxyphenyl)propyl bromide. Both routes 
are described in the Experimental Section. The former 
is the more efficient. 

The tetralone (I) was converted into compounds of 
the ( * )-2,3-dimethoxyestra-1,3,5 (10)-triene series by 
the general methods developed earlier. 2 , 3  Briefly, initial 
reaction with vinylmagnesium chloride in tetrahydro- 

(1) Part IV:  J. M. H. Graves, G. 8. Hughes, T. Y. Jen, and H.  Smith, 
J .  Chem. Soc., 5488 (1964). 

(2) (a) H. Smith, et al., Ezperientia, 19, 394 (1963); (b) H. Smith, et al., 
J. Chem. Soc.. 4472 (1964). 

(3) G. H. Douglas, J. &I. H. Graves, D. Hartley, G. A. Hughes, B. J. 
McLoughlin, J. Siddall, and H .  Smith, ibid., 5072 (1963), and earlier papers. 

(4) (a) S. Kraychy and T. F. Gallagher, J .  Am.  Chem. Sac., 79, 764 
(1957); J .  Biol. Chem., 229, 519 (1957); (b) J. Fishman, J .  A m .  Chem. Soc., 
80, 1213 (1958). 

(5) R .  D. Haworth and C.  R. Martin, J. Chem. Soc., 1485 (1932). 

furan gave the alcohol I1 which was condensed with 
2-methylcyclopentane-l,3-dione to give the seco steroid 
I11 and transformed therice by acid cyclodehydratioii 
to the pentaene IV.6 Catalytic hydrogenation of the 

I I1 

111 IV 
R' 

---", ~ ,- 
\T?,pA'; R = CHI; R' = OH; R2 = H 
VII, K. CH,; R' = OH; It2 = H 
VIII, R CH3; R',ltz = 0 
IX, A'(''); R = CH3; R',R2 = 0 
X, R = H; R',R2 = 0 


