
renditions used, gave 2,2-dimethyl-i-pente1ial when 
treated with methyl tosylate followed by hydrolysis. 

When 9,N-dimethylisobut'enylamine was treated 
with benzyl bromide in acetonitrile,1 ail exothermic 
react,ioii occurrcd. Hydrolysis of thc reaction 
mixt,ure as soon as the rxotherinic reaction was 
over and after six and oiic-half aild tweiity-four 
hours of wfluxing gave, rcspect'ively, 0, 26 ,  aiid 37yG 
yields of a ,  ~ - d i m c t h y l l ~ y d r o c ~ i ~ i ~ i ~ i ~ i i a l ~ e h y d ~ ~ .  Tht:se 
results also suggested the probability of iiiitial 
nitrogen-alkylation followed by S-to-C migration 
of the benzyl group. This was showii to be feasible 
by treat,meiit of S-isobuteiiyl-S-methylbenzyl- 
amine in wetonitrile wit,h methyl iodide. Hydroly- 
sis of the reaction mixture after t'hirteeii hours of 
refluxing gave a,c~-dirnet~ig.lhydro~i~iiianialdehyde 
in 47% yield.3 

EXPERIMEST.4L4 

7 7  1 he eiianiines u s ~ d  \vert prt,pared ns follows: 
.V,.V-Uiniflh?//l'.sob~rteni//n/rii,ie. A chillrd mixture of iso- 

Iiiityraldehytir (288 p., 4 tnolw)j potassiuni carl)oii:tte (150 
g.) ,  :ind xj.lt~ric~ (500 1ii1.j  \\:is c.li:irgtd to :in :iiitovlave. 
l~iiiieth~.l:tiiiitie (200 g., 4.4 iiiolcd w t s  added :tiid the mto-  
c.lavo VXP tliclri si.:tl(d :tiid rovked for 4 hr. :it 100". 'I'he Iioml, 
wts cooled, the prodiict discharged, and thr  liquid decaiited. 
L)istilhtioii through an clliciriit coliimn gave 122 g. of forc- 
run, b.p. 53-87", and 218 g. (55yo) of A-,iY-diinethyliso- 
I)utenylaniiiie, b.11. 87-88", ny 1.4221. G a s  chromatographic 
:tnalysis itidic-ittcd the prutliict to be about, 97.5y0 pure. 

Anal.  Cnlcd. for C~6111, jS :  C, 7 2 . i ;  H. 1*3.2. Foiiiid: C, 
73.0; IT, 13.7. 

Sirnihr riins in \ ~ h i c h  lrsr pot:tssium cnrboti:ttcl or lcse 
iylri ie \vas used gave poor r i w l t ~ ,  :is did allon.ing the criitlc 
reaction mistiirc to stand several hours heforr tlreantation 
: t I I I I d istillti tio 11. .\~-Allyl-~V-inet hylisobu t eiiylaminc, 11 .p , 
I:'A-1:31° tit a t i n .  prws., n:; I .4-334, was j)rep~retl  :iceording 
to the method of 13eiiziiig.j 

77.0; H, 11.9. 
.\~-Isol~iitc~iiyl-.V-iiic~tli~li~eiiayl~~iiiitie, 1j.p. 50- 54' at, ca. 1 

inni, / i  1.5 1 ?:<, wis prrp:tred :rccordiiig to Bt5n~ing.~ 
A t n u / .  ( ' : i l ( * i l .  for C12H17T; C, 82.2; H, 9.8. Found: C, 

82.3;  H, 10.0. 
'1'c~rhiiic:iI griitlc' crotj.1 broiuitlt~ (hltlric~h (%c~nlic:tl Co.) 

\VLL.* i t w l  without piirifiriitioii. (+as chroinatogr:i~jhic :inaly- 
.*is iiitlic:itcd that t \ v o  m:t]or coniponrnts n.cJre prc'st'iit in a 
txtio of 85: 15. \\'iiisteiit :iiiti Yoiiiigs foiund t,he cqiiilibriiini 
inistriro t o  corit:tiii 87' l-li~onio-2-l)iltc.Irc anti 13yc 1- 

/&action of . \ ' , . ~ - ~ / i ~ ~ ~ ~ ~ l i ~ ~ l i s o ~ ~ ~ ~ t ~ ~ ~ ~ ~ l u ~ ~ ~ ~ ~ ~ ~ e  with o ,o / , y I  b7.o- 
firftle. CrotJ.1 I)romidr (100 y., 0.74 mole) \viis :tdtled all :tt 
niic'e to . \ ~ , . \ ' - f l i i i i ( ~ t l i ~ ~ l i ~ ~ ~ l ) i i t ~ i i y l t i i i i i i i ~  (75 g., 0.76 n~olc:) in 
250 nil. of : i w t o i i i t  rilr. Thr. tempc'r:lt11rc rosl' to i!lo o\yr :t 
5-niiii. p i h t l  : t t i r l  t h o  inistiire rdliixed gently f o r  :tboilt 10 
i t i i i i .  

1 11:' rwcmtioti i i i i s turc ,  u:w :tllon.cd to  ctool s l o \ v l ~ ~  to  roo111 
l itti i j)i,r>iriiri, :iii(I t l i c ~ t i  stirrwl for  :i, total  of 5 Iir. \\-;i,tpr (250 
t i i l .  I \I :is : i i l ~ l t ~ r l  : i , i i t l  thi, i i i i v t i i r c ~  1 ~ 1 s  dJo\\ c ~ l  i o  st:c.ritl ovtlr- 

d L ? i ~ Z .  CaIcd. for CIyIIl:S: C! 7G.7; H, 12, I .  F I J i l l l d :  C, 

1 J ~ ~ l l i ~ ~ - % - l l l ~ ~ ~ ~ l ! . I p r c , l , c . l l ~ ,  

, .  

night. The oil layer was dissolved in ether, washed with 
water, and distilled to give, after removal of ether and a small 
amount of acetonitrile, 46 g. (49%) of 2,2,3-trimethyl-4- 
peiit,enal, b.p. 145-146', ny 1.4307. A similar experiment in 
which the reaction mixture was refluxed for 6.5 hr. after the 
initial exothermic reaction gave 2,2,3-trimethyMpentena.I in 
677, yield. 

' Ina l .  Calcd. for CsHllO: C, 76.1; H, 11.2. Found: C, 75.8: 
H, 11.1. 

The product had an infrared spectrum identical with that  
of a sttmple (b.p. 145.5-146', n y  1.4313) prepared from 
crotyl alcohol and isobutpraldehyde.' 

The 2,4dinitrophenylhydrazone from the crotyl bromide- 
eiiamine product melted at 120-130". 

;1na/. Calcd. for Cl4Hl8N4Or: C, 54.9; H: 5.9. Found: C, 
55.0; H, 5.9. 

The corresponding derivative from thr  crotyl alcohol- 
isotiiityr:tldehyde product melted a t  130-131 '. The misture 
of tlw two derivatives melted at 129-131 O )  which indicates 
the possible presence of a small amount of 2,2-dimethyl-4- 
hcxenal in the crotyl bromide-enamine product. The assigned 
structures were fully confirmed by TMR and infrared 
spectra. although the NMR spectrum of the crotyl bro- 
mide-enamine product indicatcd < 5 ' 5  of :rn impurity. 

Iteaction of .\--allyl-.~-nzethi/lisobllLen?/la?fiine with methyl 
tosyiufe. l I ( ~ t h > ~ l  tosylate (112 g., 0.6 mole) was added to :L 
sohition of .\~-:ilI~l-S-methyli~o~~iiteriylainiite (85 g., 0.58 
molr) i n  250 ml. of acetonitrile. There was no evidence of 
rrwtion. l'he mixtiire ivas refluxed for 3 hr., then hydrolyzed 
\ v i t h  500 nil. of wLtter. Treat,mcnt as described in the preced- 
ing ex:tmpl(. gave 30 g. (465;) of 2,2-dimethyl-.l-pentenal, 
1 ~ p .  124--125': n'," 1.4195 (reported' b.p. 124-125", n'," 
1.4200). 

Reaction of .V-isobzitenyl-'\--,nethylbenzy2uiriine with methyl 
iodide. Methyl iodide (14.1 g., 0.1 mole) was added to  ,V- 
isol~utenyl-.\'-rnethylbenzyla~minr (17.5 g., 0.1 mole) in 30 
lid. of ncet,nnitrile. There was a very slight evolution of heat. 
After 1.5 hr.  the misture was refluxed for 13 hr. Hydrol? 
:itid siilistxquent trtBatment as in the preceding examples 
g:ive 7.0: g. (Ai:&) of a,a-dimcthylh!.drocirinnmaldehyde, b.p. 
,57-58" a t  I mm. (reported b.p. (38-101" a t  10 mm.'), n'," 
1.50OT. The infmred spectrum of the product was identical 
\vit,h that obtained from N,N-dimetliylisobutenylamine and 
Ixmyl  bromide, as described by 0pitz.I I t s  structure was 
fiilly confirmed by its S M R  spectrum, 

'.~cl,izowledyine?it. We are grateful to Dr. Gunter 
Opitx for providing us with unpublished informa- 
tion aiid experimental data and for his helpful dis- 
caiissioiis arid suggestions. 
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Synthesis of 17-L)esoxyrauwolscine 
(1 7-l)esoxj -a-yohimbi ne) 
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intermediates of the synthesis with authentic 17- 
desoxyrauwolscine (17-desoxy-a-yohimbine) (11). 
In this paper me wish to report the synthesis 
of the latter from the naturally occurring 
alkaloids rauwolscine (a-yohimbine) (111) and allo- 
yohimbine (IV).2 

R 

7 V. R =\ 7 CHJOOC 2-d , 

I1 111. R =, 

OH bnfes 

I\'. R=, ,PH VI. K = ,  Pea 
H H 

Reaction of rauwolscine and alloyohimbine with 
mcthanesulfonyl chloride in pyridine at  room tem- 
perature gave raun-olscine 0-mesylate (V) and allo- 
vohimbine 0-mesylate (T?) respectively. Reaction 
o f  these compounds with alkali converted thcni to 
nporauwolscic acid (VIII). Esterification by diazo- 
inethane gave aporau~volscine~ (IX) which on 
vntalytic hydrogenation at room tcmpcraturc gave 
the desired 17-desoxyraun.olsciiic. 

ooc +J 
N 

;Is ilic liytlrogenat ioi i  crc:iicd a 11cw asynimc~iI~ic 
center a t  position l G ,  it was iicccssary l o  dctermiiie 
the configuration of tlic carbomct hoxyl group. 
Js'rom steric considerations i t  TYMS likely that' the 
alpha side of I S  would hc iiioi'c a\-ailable for absorp- 
tion on the cat'alyst in the hydrogcnatioii step :ml 
TI slioultl thcrcfore have the carlminetlios~-l 
groiip in t>hc Octa : i d  cqu:itorial wnformni i o i i .  

This wns aswr'taiii(d by nlkaline hyclinlysis of 11 
tjo thc corresponding amino acid (X), under ron- 

(2)  The allo>-ohimbine WRS kindly siipplied by I h .  13. 
W'itkop, Xstional Institutes of Health, XIAMD, Bethesda, 
Rld. 

( 3 )  P. E. Aldrich et  al., J .  Am. Chej/L. SOC., 81, 2l81 
(1959). 

ditions which would cause epimcrization of an 
axial carboxyl group in the yohimbe'  alkaloid^,^ 
and re-esterification by diazomethane back to IT. 

EXPERIMENTAL 

Xauwolscine 0-mesylate ( V ) .  A solution of 1.99 g. (5.61 
mmoles) of rauwolscine in 60 ml. of dry pyridine was cooled 
in an ice bath and to this was added slowly a solution of 
1.67 g. (14.59 nloles) of methanesulfonyl chloride in 24 ml. 
of dry pyridine. The reartion \\-as protected from moisture,, 
the ice M , h  renroved and the inixture let't a t  room tempera- 
ture overnight. T h e  solut,ion was then concentrated to 
dryness in uacuo and the residue dis t r ihted hetween chloro- 
form and 10% aniinoniurii hydroxide. l'he chloroform 
extract was ws.ihed twice with water, dried over sodium 
sulfate and concentrated to  dryness, in uucuo, yielding 2.81 g. 
of a dark amorphous powder. Crystallization of this ponder 
from methanol gave I .85 g. of rauivolscine 0-mesylate. n1.p. 
189-190", [a]*: i- 14.G' (cliloroform); A:::' 2.97 ii, 
5.77 p, 7.48-7.60 p ,  8.60-8.70 p. 

A d .  Calrd. for C22H2806K2S (432.53): C, (51.09; II ,  
(5.52; N, 6.48. Found: C, 61.2%; H, G.33; N, 6.22. Keut. 
Eq. (HC104),433. 

Allovohimbine 0-mesdate  ( V I ) .  A solution of 171 mg. (0.48 
.I , I 

nmole'j of alloyohimbine in 7 ml. of dry pj-ridine wastreatrd 
with 0.19 g. ( I  .7 nimoles) of methane sulfonyl chloride and 
the solution left overnight a t  room tempcrature. 'The pyridine 
was then removed in vacuo, and 15 ml. ( J f  chlorol'orin were 
added. The  chloroform solution was t l i r ~ ~  w s h e d  suc- 
cessively with 10% ammonilin1 hydroxide aiid tTvice with 
m t e r .  It was dried over sodium sulfate and evaporated to 
dryness. Crystallization froni nict1i:inol gave alloyohimlhc 
0-rne~ylate (68 mg.) [a]: -16' (pyridine). Az:fi 2.97 
p, 5.78 p,  7.46 lr, 8.56 p .  

Aiial. Calcd. for C,2H2~OsKi,S (-132.3) C, 61.09; 11, 
6.52; N, G.48. Found: C, 61.343; 13, 6.83; N, G.28. 

Aporauwolscic acid ( V I I I ) ,  h suspension of 359 mg. of 
ratiwolscirie 0-mesylate in 10 nil. of 2 S  potassium hydroxide 
in 50Oj, aqueous methanol \vas refliised on a s tmm bath For 
3 hr. during which time the rompound slonly dissolvrd. 
l'he reflns condenser was thcn removed and the henting 
continurd for an additional half hour to rcmove most) of 
the methanol. After cooling, t,he pH \vas adjusted to 6.0 
with acetic acid whereupon the aporauwolscic acid preripi- 
tated. It was filtered, washed with :t little \I-atcr and d r i d  
t o  give 210 mg., m.p. 30'2-304" A:::;"' 3.10-3.17 p, 6.06 p ,  
6.32 p ,  
'4 nu(. Calrd. for Ci,oHl,O~X,.~/~Hi,O: C, 72.47; H, G . 9 9 ;  

S,8.45.Found:C,72.50;H,G.Dl;N,8.20. 
Similar treatnient of nllo~oliinil~ir1e-0-1~ic 

material \vhich was identical x i th  the aporau 
:tporaiizcolscine (IS). Apor:lu\volsric arid (8!).1 nig.) 

\\'its suspended in 10 nil .  meth:inol and an etlirrcal solutiori 
of diazomcthane \vas added tiropLviee until the :tininn :ic . i i l  

dissolved and a > rllow rolor persisted. After st:iii(Iiw :11. 
rooni temperatiue for 30 min. the  solution !vas cvriporatr.il 
to drjmcss and the residue crystnllized froin mct,hulml- 
1vatt.r t o  give 70 mg. apor:iun.olscinr, 111.11. I 71-li2',$ 
[ a ] n  -127°(pyridine). ~:::'2.!)6/~, 5.85p,  6.1 1 p .  

dml. Calccl. for C,,H,,O,N;,(336.42): C, 74.97; 11, :.I!); 
n-,fi.3:3.I:orind:C,;5.nO:I!,7.01;N,8.22. 

1;-nrso~~roniiirJlscI 'ne (11). h solution of 8.1 1 1 1 ~ .  o I  ~ i ] m r : ~ i i -  
\\-olsriiie in 20 n i l .  of aholu te  r thnnol  \cas I~~-ilrrrgrn:ctc~l :i t  
room trniper:ittirc and ntmospllcric p r c s ~ i r c  Iising 5X Iilg. 
of pla,tiniirii oxitle catlayst. After 18 lir. t l i c  c:ttnl).st \!:I* 

. Janot and R. Gorlt:ml, Bztll. soc. chim., /:r(ijfcc, 
16, ,509 (1949). 

(5) If aporauwolscinc u'its rrcrystallizrd from n l ( ~ t l i : i ~ l o l ,  
cf. ref. 3, LZ polymorphic modifieation nirlting a t  204-207" 
was obtained. This forin had the sainc specific rotation : t i ~ t l  
infrared spcctruni 3s the lower mcltiiig compound. 

._ ~ .. - 



filtcrcd off, tlie solution evaporated to drjmess in uariio 
:ind the residue crystallized froni nic~theriol-n.ater to  give 
60 mg. of 17-desoxyrau\\-olscirle, n1.p. 210-21"" [a]:: 
-12.2' (pyridine). ~:::"'2.93 M,  5.82 p. 

:Znal. Calcd. for C31H2102N2 (338.43) : C, 74.52; H, 7.74. 

Hydrolysis of 17-desozyra~~wolscl'ne (0 .Y and reyeneration 
bi/ eslerzficalion. A suspension of 89 mg. 17Tdesoxyrauwol- 
scine in 15 ml. of 2.Y potassium hydroxide in 50% aqueous 
methanol was refluxed for 3 hr. during which time the alka- 
loid dissolved completely. After cooling, the solution was 
acidified with hydrochloric acid whereupon precipitation 
ocrurred. The precipitate was filtered and recrystallized 
from dilute hydrochloric acid to give 50 mg. of 17-desoxy- 
rauwolscic acid hydrochloride (X), m.p. 300-302", [a] a. 
+39.3' (pyridine), X:,":"'3.20 p, 5.82 p .  

An,al. Calcd. for C20H2402X2.HCl (360.88) : C, 66.56; 
H,ti.98. Found: C, 66.51; H. 6.97. 

lie-esterification of S with diazometharie converted it to 
l7-tlesoxyrau~~olst~ine, identical in all respects with the start- 
irig material. 

I ' l J U r l l i :  C, 74.19; H, 7.74; N.E. (HC104) 337. 
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The discovery by three independent groups of in- 
vestigators that ferrocene can readily he sulfo- 
nated has been followed by the preparation of a 
number of sulfur-containing ferrocene  derivative^.^-^ 
&ox and Pauson reported that ferrocenethiol can 
be formed by reduction of ferrocenesulfonyl chloride 
and have converted the sodium salt of ferrocenethiol 
to methyl and allyl ferrocenyl sulfides by reaction 
with dimethyl sulfate and allyl bromide, respec- 
tively.' Ferrocenyl methyl sulfide has also been sub- 
jected to the aminomethylation reaction.s Ferro- 
cenyl aryl sulfides, however, have not previously 
been described in the literature. 

In  conjunction with our studies involving the 
h a l o f e r r o c e n e ~ , ~ ~ ~ ~  we wish to report a procedure by 
which ferrocenyl aryl sulfides can be readily pre- 

(1) Part  V of a series: "Ferrocene and Related Organo- 

(2 )  V. Weinmayr, J .  Am. Chem. Soc., 77, 3009 (3955). 
(3 )  A. N. Xesmeyanov, E.  G. Perevalova, and S. S. 

Churanov, Dokladzy A k a d .  N a u k  S.S.S.R., 114, 335 (1957). 
(4) A.  ?i. Sesmeyanov, E. G. Perevalova, S. S. Chura- 

nov, and 0. A. Stwneyanova, Doklady Akad.  i2'auk S.S.S.R., 
119, 949 (lO58). 

(5)  A. N. Nesmeyanov and E. G. Perevalova, Doklady 
Akad.  N a u k  S.S.S.R., 119, 288 (1958). 

( A )  E. G. Perevalova, 0. A. Nesmeyanova, and I .  C,. 
T,ukvanova, Dokladig .4kad. h'auk S.S.S.R., 132, 853 (19i701. 

( 7 )  C:. I t .  Knox :mil P. L. Pauson, .I.  ('hem. Soc., 6112 
(1!158). 

(8) C:. R. Knox, P. L. Pauson, and C;. V. I). Tiers, 
Chem. & Ind. ( L o n d o n ) ,  1046 (1959). 

ill) hf. I). Ra rwh ,  J .  Am. Chem. Soc., 8 2 ,  2080 (1060). 

metallic *-Complexes." Part  IV, see Ref. 10. 

(10j AI. U. Rausch, J .  Org. Chem., 26,  1803 (1961). 

pared. Nauthner otwrved many years ago that 
aryl iodides reacted with various sodium arene- 
thiolates in the presence of catalytic amounts of 
copper to yield diary1 su1fides.l' We have found that 
iodoferrocene and sodium benzenethiolate react 
similarly to produce ferroceayl phenyl sulfide in 
76% yield. Phenyl-substituted sulfides such as ferro- 
cenyl p-tolyl sulfide can likewise be readily pre- 
pared starting with the appropriate thiol. Of par- 
ticular utility is the facile reaction of iodoferrocene 
and sodium ferrocenethiolate to produce diferro- 
cenyl sulfide (I). hlauthner's procedure can there- 
fore be used as a convenient and general synthesis 
of ferrocenyl aryl sulfides. 

1 

Several attempts to obtain diferrocenyl sulfide 
from diferrocenylmercury and sulfur were not 
successful. The only isolable products were ferro- 
cene and a small amount of diferrocenyl disulfide. 

Materials. Iodoferrocene was prepared in 60-70% yield 
by reaction of chloromercuriferrocene and iodine in xylene 
solution a t  i5-80°.13 Copper bronze was obtained from B. 
F. Drakenfield and Co., Inc., New York, and was activated 
according t o  the procedure of Vogel.14 Benzenethiol was 
obtained from Distillation Products Industries and p-  
toluenethiol from The Matheson Co., Inc. Ferrocenethiol 
was prepared according to the procedure of Knox and Pau- 
son.7 Diferrocenylmercury was obtained from chloromer- 
curiferrocene according to published pro~edures.~6,16 Chro- 
matographic alumina was obtained from Merck & Co., 
Inc. G.E. lamp-grade nitrogen was used throughout this in- 
vestigation. 

Dzferrocenyl sulfide (I). To 5 ml. of absolute ethanol in a 
Schlenk tube under nitrogen was added 0.19 g. (0.0084 g.- 
atom) of sodium. Ferrocenethiol, prepared by the reduction 
of 2 40 g. (0.0084 mole) of ferrocenesulfonyl chloride by 
lithium aluminum hydride (1.28 g.) in 50 ml. of anhydrous 

(11) F. hlauthner, Ber., 39, 1347,3593 (1906). 
(12) All melting points are uncorrected. Elemental analy- 

scs and molecular weight determinations (cryoscopic in 
camphor) were performed by Mr. J. Edwards of this labora- 
tory and by Schxarzkopf Microanalytical Laboratory, 
Woodside 77, N. Y. 

(13) A. K.  Nesmeyanov, E.  CT.  Perevalova, and 0. A. 
Sesmeyanova, Doklady Akad .  A'auk S.S.S.R., 100, 10%) 
(1955). 

(14) A. I. Vogel, A Textbook of Practical Organic Chemis- 
t r y ,  Longmans, Green and Company, London, 1954, p. 88. 

(15) A. N. Nesmeyanov, E. G. Perevalova, R. V. Golov- 
riy:t, and 0. A. Nesmeyanova, Dokkidy A kad. Nauk .  S.S.S.R., 
97, 459 (1954). 

(16) M. I ) .  Rausch, ll, Voq$! and FI. Rosenherg. J .  
Org. Chem., 22,900 (1'334). 


