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HTCTORICAL TNTROLTUCTION
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Ta= thiazoline ring syuten wes cefined by Hembrseh™ i 1588 as the
silydrotinlezole system or us the system conteining the pentavalent thd-

«aoline nucleus, (C.SNH) v

[N

« The triszole xring, I, coplalns 5
>

three von-consecutive cerbon atams, one sulfur stom, cne 1z W&
nitrogen atom, anc two conjugetes zouble bondes. The mum- b3
vering system starts vith tine swdiur s 1 ané proceeds to I
the nitrogen ws 7,

™vo types of dirydretitezocles are known, Derivatives of 2,3<iiy-
drothiszole (cailed & —thianolines or simply 4-tilazolines) ar= xnovrn
enly in esses in viblch tie double bone ieg part of £ fused bensene rirg,
and ae teuvtoamers of trissoles, tiw z-pesitlon being doubly bonaed -+
OXYEen, swifur, or r:_i‘(a*ogenz. Derlvetives of 4,b-dihytrcethicscle, 1T,
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(cellea AN-thiesolines or simply -thlezolines) are vell 5
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pezcouse of the possibllity of fvging o 4 -lscham ring across the double
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Tie xret preparation of e 2—-thiszoline recorded in the ldterature
is that of ths hycrobrowide of r—amino-S-bromometlyl-L-thiocoline, prea-
pared by Malyé in 186 by heoting the bromine addition product of
R—allylthiouree.

Br-CH., —=CH~Cho=NH-C=Nil; AN Br-CHe-

> 1
Er ] S\ /}!

Althougl Mely ~ic not realize the actusl structure of the compouna, he
1id recognize it vc be the hydrobromice of a bromine-conteining bose,
Tn 1888, Gobriel® cerriec out zn enslegous cycliization of N—(/ -

bramoetiyl)thioures =nd lsolated i-emino-2-thiazoline,

iy -
\\/

m the sem- ;wper, Sebriel polnte out e trae iracture o Mely ‘s

% '
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Br—CH,.-CH, ~ ?GH-Cf-NH’\
‘ -
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The me:ieds for tie prejvration ol J-tblacoliines cap br Jiivideo
inte two ecategoriss: 1) metucds in which twe compounds interact o
supply toe ring etoms, and (2] methoeds in whieh the coyclizavice o7
single compowmd wroduces the tblazoline ring. The divisiar 1o arbitrary,
because thoge resctions f=ilipg inte cabtegory (1) undoubtecdly orovesd

tirough intermecdietes whose Iipal cyclization fells into category &)

;e

¢

In 2)1 exemples of the first cstegory, @ cerbonyl or thiocarborgy.
compound is used to supply etaoms 1, =, znt & of the thiegoline ring and
g 2ifunctionsl compound supplies etoms 4 and 5, The following instances

are axemples:
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{4 Reactlon or ihiocamides with clefin dibramidec
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This method has been used in ¢ feiriy lerge nmuber of ceses, but

yields are generelly belov 30%.
" N . 7, 9-14
of thicemides with 2-hsloalkylomine s.lts .
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This method hes been used guite widel anG vields vaxy irom good
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t¢ poor with speciiic examples.
(c) Reactions of Z-mercaptoaliylamines with thicamides, esters,
successful

and imino estersls_la. This method is particularly
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(2 Peaction o L rDOL - iSu.ide Litll - substitutea 2IKYasmilie:

T B 2 + Do . A__;J:._wn) HY
P on 5 A
T N \‘(
SH
1, 19=2. & Sl
</ - oob. . -
fnere Y is hzlogen”! T OT yQrQxy , the reasticn

of Jdimited importonce oare tle execmples vhere Y is merczpto

TR
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and hydrogen sulfate (0S0.H) .
4 , ) 14, 28, 23-56
ia) Reaction of stlyleneimines with carbon disulfide .

!
L o
G e
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SH
the second cabegory, methods employirg e cyclizetion of a single
campownd to surply tie ring atoms, cen be subdivided as follovs:

{2 Cyclization of Ne(i-substitutedalkyl} amides,

):’/NH o }"4;51(_} ' m} b\/\i
0

o e, 8, 57 178, L%, 3B
fhe Y groupr can be helogen s Hydraxy .

. 38 . 40, 41 . , . 25, 42, 47 s 5
acencxyﬁd, mercepte ! s or disulfide ? * 7Y, The yields

o

ars generally good, and the yreaction has been widely applied
with Y as bslogen or Iydroxy.
(b Gyolization of M- {2-substiintedalkyl) tldoamides.

1) Cyelizetion of N~thiobenzoyl deriwatives of serine -
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The score of the reaction is very limited.
&) Oyclisetion of N-(2-substitutedaliyl) thdouress.
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This methed 1s vwidely -~prlicablie and gives good ylelds. The

3 22, 4 7
Y group can be halogen”® 18-22, 46, 47 . ":gdrou:yésﬂszg oT
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The bramine addition product of allyl isothiocyencie cyclizes

in the presence of alackols, umdoubledly through the £,3-

”
dibronopropylthionres Lnt.armedi&t.es "

Br=CHo~(E-CBy-MSCS5 _ROH 3 BF-~Ckp-CE— 0ty Br—Cllg- 11

= > Am | ——> O \%Ei{

f“/ \«,:"E: (,}R
{e] Cyclization of N-—alkemyithlocmides.
1) Qyelizetion of Neallylthiourees .
CE{;CM-Q&P CHzw r - T
| s 5 N

rn
/7
NS
S

NH-R Nh=R
This resction hes been widely used bheceuse of the gwallabli-
ity of starting materisis obtained by the reaction of 231yl

isotiiocyanate with amines or ammopia.
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2) Cyeclizetdon of allyl isothiocyanates in the presence of
various reagents. with phenols or tbiophenolsfzg’ 64 , the
reaction proceeds through the mono- end dithiourethans,
respectively. Cyclizetion 1s brought about by sulfuric
acid or dry hydrogen chloride. In the case of the monothio-
urethan, the initial product, the thiazolinepbernyl ether,

reaxranges to a thiazolinephenol.

CH?::(}H-CH.S-N:C‘:-S + C6H50H 8}12:(3}1———0}1

o

%

The reaction with thiophenol 1s anslagous except that the
final rearrangement does not occur.

CE,=CH=CH~-N=C=§ CHp=CH—— Clp CE

'z
4 _— - N
t D%(j/I H __5 »\(l
r{ v w*l ]
CgHg~SH J;m C,E CoHeS

When allyl isothlocyun:tes containing en alkyl group on the
bets carbon stom sre treated with sulfwric ecid in ihe cold,
2-marcapto-L~thiazolines are foxrmed., The reaction is believ-
ed to proceed through a dithiocarbemic aecid intamediatessc
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vields are alvays less than 50%, indicating that the second
sulfur atom comes from the brezkdiown of one equivalent of the
isothiocyanate,

2-Mpthyl- and 2-phenyl-5,5-dimethyl-2-thiazaline-4-cerboxylic
acids and their esters have been prepared by the following

3 (3]
reactionsbe » 67 .

CHy
Gy

CH;s"’:T’COOC}% CHz= t__rcoocné
0 P4510 N \/N
7
R

_ _ HOOC
OT——_FC(CBS)Z (cxslgc:-:-c‘}-coori (Ciz)op
Hot ,
0 2 N g NE N
\/ WaOCH, ~ XN~ >
3 b Cliz
K L % _

In the 0. S. R. D. penicillin project conducted at the
Dhiversity of Michigan during World Wexr II, it was discovered
that N-ellyldicarbethosgythioacetamide could be cyclized by
treatment with dry hydrogen chloride in ether, During the
workup, bydrolysis and decerboxylation of the initial product
took place to give S-methyl-2-thiazoline-~R-acetic ecid.

g NE .__Hgl-_> : N —> 5 N
S hd N
é.H(coovf:t)2 H(COOEL ), CH,~COOK
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With the excepiion of the last two reactions shown, tihe cyclization
of N-allylthiosmides is limited to exemples which produce a thiazoline
which contains a sulfur, oxygen, or nitrogen function et the 2-position.
Since N-allylthiocamides of the type Blﬁzczc(ns)-c(a4)(Rs)-NH-G/-/-IS{6 are
readily obtaineble by the addition of organometallic compowws, such as
Grignard reagents or the sodio derivatives of J-dicerbonyl campounds, to
isothiocyanates; it is evident that if these cyclizations can be brought
about generally, a route will be available for the synthesis of slkyl-
substituted 2-thiazolines or 5,6-dihydro-l,3,4-tklazines, depending upon

which carbon atom of the ellylic double bond is the site of ring closure.

Rlﬁzc::C(Rs)-(I)(R‘l)(Rs) P1RZC:C(RS)—C(R4)(I15)
-+
S N M 5 WH
X # e S Xy
l
R R
Ry By R 3
g} RS
o) R RA
S\/N mafer T LT <
Re
R
6

The fact that the size of the ring depends upon the point of attack
on & carbon-carbon double bond raises some question as to the velidity
of the structures previocusly indiceted &s arising fram this type of
resction. In general, it can be sald that those reactions which report-
edly give rise to thiezolines witl axygen, sulfur, or nitrogen functions
at tle 2-position beve been correctly interpreted, since these thiazolines
have elso been mede by unequivocel routes, The fact that & thiazoline
rather than & dilkydrothlazine was formed is not surprising, becsuse in

all cases tried, formetion of e thilaszoline results from ring closure at
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the more substituted carbon etam of the double tond.

No structure proof was carried out an the cyclization product of
N-allyldicerbethoxythioecetamide, although ths thiazcline is the likely
product since it would have arisen from ring closure &t the more substi-
tuted carbon atam.,

It is the purpose of this research first to determine if the
cyclization of N-allylthicamides and their hamologs cen be brought about
generally, and secondly to determine which cerbon atam of the allylic

double bond is the point of ring closwre for a variety of cases.



NISCUSSTON AND RESULTS

Oyeldlzation of NHeallylthlobenzamide, prepared by thz reaguion of
211yl isothiocyanate with phenylmugnesiom bromide, wes brought aboub by
heating the thicamide with one equivalent of aluminum chloride. 4

single, pure product, 2-phenyl-S5~methyl-2~thiazoline, wus obtained in

50% yield.
CHZ=CH— CH CH~CH— CH, CH
> 2. A 2 ) 5“'r_‘1
5 rlx il > S 1‘: AICL S N
Sx. N T3 > H C S
N R0 \ / 5 N
c 7/
|

N 8 &
2ince both f-phenyl-S-methyl-f-thiazoline (which would be formed if
ring closure took place at the more substituted carbon atom of the
double bond) and 2-phenyl-5,6-dilydro-l,3,4=-thiazine (which would be
formed if ring closure took place at the lass substituted carbon atom of
the double bond) are known compounds, no difficulty was encountered in
establishing the identity of the product.

Other Lewis acids {(zinc chloride, boron fluoride, sulfuric acid)
also brought about the cyclization, but yields were lower, Free radical
initiators, such as benzoyl peroxide, did not bring about ths cycliza-
tion,

The fact that ring closure cccwrred exclusively at the more
substituted carbon atom of the double bond and was brought about by
Iewis acids indicated an ionic machanlsm, with nucleophilic attack on
the allyiic double bond by the sulfur atom. It is proposed that the
fewis acld would atiack the warious basic sites in the Heellyithiobenz-
amide molecule, viz., the nitrogen atom, the sulfwr atom, and the aliylic

Jouble bond, the extent of atiack on any given site balng proportional

~10-



and )
X

to the basic strenght of that site.

Gﬂd:CHM(lJPLa CHE:CH-~-—~CH2 . uﬁzzf‘;}%«~fTh&
oL .s\? P 2 + :A1C1, < 015*’1:5%? _NE
ALOL, T 1
Cety e'*s\ aa ﬂ Cety
ca,—_ca~——vnP
s _IH
X’
ésHs

The species comtaining the Lewls acid on the :1lylic double bond
would shift into the more stable secondary carboni-m ion, and nucleo-
philic attack hy the suifur atom on this site could bring about the
observed ring closwre., Baslc Qydrolysis would liberate the free base,

Z~phenyl-5-methyl-2-thiazoline,

ﬂ.'i.CfL3
iy ) —
“EL’H ‘]’Hz 61, 11 +CHy-C |
4 NH > \
\/1/ S b N:H
4 ~ N\
O H I i
’s

CHS-»I——-I ClSAl : CHng———]

;0 s omt
S N \L &— /
0oH
C6 HS CSHS

2-phenyl-5-nstiyl-
2=thlazoline

In order to substantiate this mechanism, it was decided to carry
out ring closures on N-cinnamgylthiobenzamide and Nesxotyitiiobenzunide,
According ho the proposed mechanism, the former should procezd through
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the highly stabilized benzyl carbonium ion to give 2,6-Aiphenyl-5,6-di-

rdre-l,5,4-thinzine, while the latter should give 2 mixturs of 2-phenyl-

5~athyl-2-thiazoline and 2-phenyl-6-methyl-5,6-diydro-1,5,4-thiazine,
since the two possible carboniim ions are of comparabie stubility.

By =CHECH— caz /%1015
s NH + Alo G Hg-CH=CH—C
T ]'5 “‘—‘_> S H‘Z
] N A1CL
6% \(i;/ “\\\ :é;c 3
N-cinnamylthiobenzanide Celg  CgH -gf \ICHZ

csns‘m . HO N Crs“s"(\] Cokls
S N i S NH
\(N OH \( +

CgHe Cely
diyrdro-1,35,4-thiazine ALCL,
CH.,-PB—'CH——CHQ + ACL, A L/ \\
\c /NH X o
ALCL, ALCLs
CGHS CE%-CB- CH;~CH-CH — CH,
1ltniobenzamid I ] ) k I
N—~crofyltnlobenz: a g N 4 S%ﬂg/:lm
~
4 ;
Cels CsHs
-+ +
1.0, OH _ < -
B20s ALCL A1C1y

CH CHz~CHo= - : s |
] K\L z~CHy Sr* l; o, - m CH,.,——:’?_H' (ﬁ}i
L : .
\/ + \f s NE+ xl
CSHS 6H5 \(
#=pheny 1=8~- 2-phenyl-5-ethyl- CeHs 65

metiyl-5,6-dily- 2-thiazoline
dro-1,3,4-thinzine



The regults of the cyclizations just outlined were in complete
agreenent, with those predicted, The structures of the products were
provan by comparing them ani thelr derivatives with authentic samples
prepared by unequivoeal routss,

An suthentla sample of 2,6-diphenyl-5,8-diydro-1,3,4~thiazine was
prepared in the following manner,

The solium salt of S-benzoylpropionic acid was reduced with sodiwm
boroiydride to the sodium salt of y-hydrozy- ¥ -phenylbutyric acid, and
acidification brought about lactonlzation to X ~phenylbutyrolactone, :yira—~
zinolysis of the lactons rroduced ¥ -lydrozy-x-phegylbutyrle acid lydrazide.
Diazotization of the hydrazide gave the corresponding azide, which wus
alloved to undsrgo ths Curtius reurrangement to the lsacyunste. The
isocyzanate could not be Lisolated since it undervent intern:al attack by
the hydraxy group to produce S-phenyltetralydro-l,3-coxazone-2, Treat-
ment of the oxazona with aleoholle potassium lydroxide gave 3=-hydroxy-
3-pheny lpronylamine, which was monobenzqylated to give N-{3-hydrozy-3-
phenylprooyl)benz:mide. Heating the amide with phosphorus pentasulfide
brought about cyclizatlion to 2,6-ciphenyl-5,8~dihyuro-1,7,4~thiazine,

The foilowing is an outline of tine serles of rsactions just des-

cribed,
. i
~ Y -P 4 ﬁ "‘,f 'N‘ b4 -
S FgC i ' 0 Be-CH CH, . Cas
\A I NaBH, | Ht
=0 —> Off _ _C=D 0 Y
G 0 . S
- ¥ ~phenyloutyro~
N+ Na + 2ictone
sodium 5 -benzoyl~ sodium ¥ -hydroxy-

propionate ¥ ~phieny Loutyruts
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AL i
G, He=CH H,, O —cff ‘i?Hq
N.R | | o° | | © A
. NN oF _C=0 ~THO, R C=0 T 7
NH “ N,
NH,
»-Hydraxy-y-phenylbutyric
acid nhydrazide
_-Cho ‘l C
O~ o, | c.R -m ot~ Q‘Jﬂz
N , °° ! alcoholic ° ° | |
o \ﬁ/zm KO o I,
'5 _I - Sk ’drosqr-s-?hemrl—
G-pheny ltetralydro- propylemine
1,3=0xazone~<
A
O o —r‘-A c., -
, Cg =04 Qz(lm?_ 6% T/\[
St o m P4510 . S
-3 /C = \(
N\
0 CSHS “GHS
N- 3=y iroxy—3- 2 ,A=diphenyl-5,6~
pheny lpropyl)benzamide dilydro-1,%,4-thiazine

The authentic sample of 2,6-diphenyl-5,8-dihyliro=l,3,4-thiazine

and its plerate were comparei with the Necimnamylthiobenz:mide cycliza-

ticn preduct and its picrate,

and the infre-red spectra were superposable,

Mixed melting points showed no depreasion

&in authentic sample of 2-phenyl=S-etiyl-l-thiazoline was prepared

in the following manner.

Propionaldehyde was reacted with nitromethane in the presence of

bese to produce l-nitro-2-butanol, which was reduced witb hydrogen and

nickel catalyst to l-smino-2«butanol.

Monobenrgylation converted the

amino alcohol to N-{2-iydroxybutyl)benzamide, and heating of the amide

with phosphorus pentasulfide brought about cyclization to 2-phenyl-S-

etiyl-R-thiazoline,
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The following is an outline of tiw seris

5 of peuactions just ides-

cribed,
CEz~-CH»—-CHO CH,~CH,-CH ——— Gt CH,=CH,=CH C
BN H Wo, T 7 on M
CHS-NOn N
« l-nitro-:i-butanol l-anino-2-butanol
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R > > N
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Cole
N-{2=hydroxybutyl)- ¥
bsnzamide Z=-phenyl-5-etiyl-
2-thlazoline

in suthentic sample of Z-phenyl-8-methyl-S,6-dihydro-1,3,4-thiazine

was prepared from 4-amino-2-butanol,

The amino alcohol was monobenzaoyl-

ated to give N-{3-hydroxybutyl)benzamide, which was heatei with phos-

phorus pentasulfide to bring sbout ring closure to the desired product,

C) c
cn~cf %Hz Q CH ~CH gﬁcxza
| | G H=C~01 5 |
OH HH2 > OH ) /N’H
//‘J
4-anino~2-butanol 0 \c6 H
N~ {3=lydroy-
butyl)benzamide

)

)

P

4”10

N
Cels

-phenyl-6-nethyl-
thiazine
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The liquld mixture obtained in the cyclization of N-crotylthiobenz-

amide was partially separated by fractional distillation.

boiling fraction gave a picrate whose melting

that of the picrate of the authentic sampls ©

thiazoline; a mixed melting point chowed no depression,

boiling fraction gave a picrate whose melting

The lower
point was identical writh
f Z-phenyl-S-sthyl-2-
The higher

point coincided with that

of the pierate of the authentic sample of 2-phenyl-8-mebhyl-5,5-dily.iro-
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1,%,4~thiazine; a mixed melfting point showed no depression. The melting
ooints of the plcrates of the two authentic samples differed by thirty
degrees.

The nixture obtained in the cyclization of Necrotylthiobenzamidie
favored the thiazoline ovsr the dilydrothiazine by a ratio of approxi-
mately three to one,

Cyclizations were also carried out on N-u:llylthioacetamide,
N-{x-methallyl)thicacetamide, and Ne{J-methallyl)thioacetamide to give
< y5-dimethyl-2~-thiazoline, 2,4,5-trimethyl-2-thinzoline, and 2,5,5-

trimethyl-2-thiazoline, respectively.

i ]

CH?:CH

g 1H A1CL, S, N
1
CHS Cﬂz

N=allylthicacetamide 2 ,5=dimethyl-2-thinzoline
CH,=CH—CH-CRz R
i L 21c1 T T“ \ &

S Np NH 5 N S. ///N
| Y
Clg CH.,

Ne{a~mathallyl)tidoacetamiie 244 ,5=trimethyl-t-thiazoline

CHx

CHg

‘,’fiz‘:(%- _—(?H“Z i.lCl.é N C%-H
- S

G l\gH c N

~ A
e Y

b, b,

e {s-methallyl)thiocacetamide 2,55 ,5=trimetyl-2-thiazoline

These cyclizatlons are analagous to the cyclization of N-allyl-
thiobenzamide in that the formation of the {ive-membered thiazoline
ring results from attack by ths sulfur atom on the more substituted

carbon atom of the double nond. The formation of the six-memberad
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dikydrothiazine ring would result from attack by the sulfur atom on the
less substituted carbon aton of the double bond. Since the single
product isolated in the ¢gyclization of N-allylthiobenzamide was proven
to be the thiazoline, and since each of tha above cyclizatlions gave a
single, pure product; that product was in each case considered to be the
thiazoline rather than the dihydrothiazine, =lthough no structure proofs
were carried out,

The cyclization of N-(3-butenyl)thiobenzamile was attempted, but
only a trace of product was obtained, from which was isolated the picrete
of 2-phenyl-6-methyl«S, -dilydro-l,3,4-thiazine, It is not known whether
the dilydrothlazine was the exclusive product or part of & mixture with
2-phenyl-S-ethyl-Z-thiazoline, which could result fram doudble bond mi-

gration to form N-crotylthiobenzamide from N-{3-butenyl)thiobenzamide.

CR=CH C%}:ﬂz cryr” \

F AlCl.,‘ \
- Ly K S N
N T R ¢
|
CoBg CgBs
Ne(8-butenyl)thiobenzamide 2-phenyl-6-astlyl5,6-
diYydiro-l,3,4-thiazine
AlCll,,’
CH,~CH=CH——CH, Cﬂs-CHPoT—q CHy-
s ALCL, s ‘ ~+ g
§C > \%R \/N
|
Ce¥s %" %"
N~crotylthiobenzamide 2-phenyl-S-ethyl- 2-phenyl-S-msthyl-5,6-

2=-thiazoline dihydro-l,3,4-thiazine



EXPERIMENTAL

rrepcrations of Thiszolines =id Tilwdrotii.zines by Cycli--tion of -

Mkevlthloaailes,

Preparation of N-allylthiobenzamide.—~!-f1lylthiobenzzmide w5 pre-

pered in 60% yield by the method of Cachs und Loevy68. It boliled =t

153-150%/ 1.5 mu. (reporte®® b,.;, £14-:15%/ 17 mm.),
The bromine ciuitien procuct wosg gre;oreu by uissolving O drogss of
L =.1lyltriobenre.iide in cirbon tetruiciloride and acding a 5% solution
of Lromine in the cime solveant until the red color per:l ted. 4 yellow-
ish solid w.s formed wihich w.s collected «nd recrystallized from glacial
68

acetic acid; m.; . 205.5~206.5° reported 1.7 “ o= 099 .
5 i e P

Cyclizatior oo N—allylthiobenzcmide . —innydrous alwuinumm chloride

(35 ge» 0.:5 mole) wic added directly to 44.7 g. (0425 mole) of L-ullyl-

thiobenz.mide and the mivture wic stirred., Much hect wes evolved and &

g§21id coxe soon formed, Nitrobenzene was added to dissolve the cike

and tioe mixture was neld at 1250 for 2 hours, =mxcecs 5% soulum hydrox-

ide solution waz added to the cooled mixture an. it wus stirre: for 0.5

hour to brezk upr the aluzinum complex, The mi-ture was extracted with

ether and the etler layer was extracted with 107 hydrochloric acid,

The acld loyer was neutralized by adilng exces: 10% sodium hydroxide

solution and was extracted with ether. /ifter removzl of solvent from

the dried etler extracts and distillation of the residue, 21 g. (47%)

of “-rhenyl-S-methyl-2-thlazoline was obtained, b.p. 148-150°/ 18 mu.,
Anal, Caled, for ClOHllNS: Ty 67.75; H, 5,283 I, 7.90, TFound:

Cy 6747683 Hy 54515 1y, 7494,

The picrate was prepared by dissolving a few drops of the thiazoline

~18=
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i 955 ethanol end adding several urops of a saturated ethanol solution

of pieric seid, .fter recrystalliz.tlon from 95% ethinol, it melted at
o 37 o

158-165 (reported n.p. 153-157 ).

The chloroplatinate was prepared hy =d.iing a drop of the thiszoline
to a solution of chloroplatinic sicild =nd collecting the resulting solid,

o 37 o
It melted at 184-186 (dec.,) (reported m.p. 179 ).

T-e nitro derivative was prapared by dissolving 3 drops of the thi-
azoline in a few milliliters of concentrated sulfurle scld ani adding a
few drops of concentratad nitric acid while cooling under tune tup. The
nixture was poured into water and neutralired with excess 107 sodiwm hy-
droxide solution. The precipitated nitro derivative, after {iltration,

o
drying, cnd recrystellinztion twice from ethanol, melted at £€7-69 (re=
36 3 . O .
ported mePe 7TUe0=71.5 , corrected..

lydrolysis ot 2=phenyl-S-methyl-2-thizzoline =/ solution of 5.5 g.

of c-phenyl-5-methyl-"-thizzoline in "5 ml. of concauiruted hydrociloric

- - - ro - ~ . - o - -
acic wag ceeted ot 175 for 5 Lours in & oseled tube, Tre cooled recct-

ion mixture depositel ... g. (58Y) of beniolc rcid, widch w.o removed by
filtration., Tre filtrote vrs extrect:d -rith ether ito remove the lcoct
tr:cee of bercole wecid., The :quecus loyer wis mde ctrangly bisic with

109 sodiun Rydroxice end =:.tracted witi etlker in order to rcmove unre-
zcted thiazoline, The cqueous layer wus tien zcidified anc tle amino
mercepten s21lt was convertel to the emino dizulfide salt by adding io-
dine-potassium icdide solution until the lodine color jersisted. Then
the mixtwre wes made besic end the'amino disulfice ves seperuted by con-
tinuous ether extraction for ¢ howrs, The ether was driec and ssturzted
witk iry hydrogen chloride to precipitete l-amino-i-propyldisulfide di-

hydrochloride, This wor filtered ancd after 2 recrystallizetions from
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absolute cloohol it melted et 222-222.5° (reported = m.p. 213-214°).

Anal, Caled. for GHhghsS:Clh: C, 28.45; H, 7.16; N, 11.06; S,
25.32; Cl, 28,00. Found: C, 28.53; H, 7.25; N, 10.94; S, 25.21; Cl,
27.84,

Preperation of cinnamyl chloride.——Cinnamyl chloride wes prepered

in 66% yleld by reacting cinnamyl clcohol with triomyl crloride accord-
ing tc the procedure of Gilman e¢nd Hax’ris70; bepe 66-720/ 0.8 mm., m.p.
10-12°, n%l 1.5850.

Preporation of cinnamylamine,—-Cinnemylsmine wos prepired by the
Gebriel reection on cinnamyl chloride according to the procedure used by
Roberts and )hzurn to convert crotyl chloride to crotylemine., Fram
48,7 g. (0.32 mole) of cinnumyl chloride there w.s obtained 16 g. (40%)

72

of cinnamylsmine, b.p. 71-77%/ 0.1 ma. (reported = b.p. 225-237°/ 775 m.).

Preparction of cimnamyl isothiocyanszte.—The Kaluza rezction wae
used to convert cinnamylsmine to cinnamyl isothiocyznate. The experi-
mental procedure vas thet described by Moore anc Crossley73 for the con-
version of free amines to isothlocyenstes, From 21.7 g. (0,16 nole) of
cinnemylomine there was obtained 15 g, (54%) of cinnamyl isothiocyznate,
b.p. 120-127° 1 ma. (reparted  b.p. 162°/ 12 mm.).

N-Ciloremyl-N'-phenyltiiourea . prepored by worming 1 g. of cinnamyl
isotiicuyenzte with 3 g, of sniline for 1 hour on & steam bath. Ether was
adced to dissolve the cooled mixture and tle solution vas freed of excess
aniline by extraction with dilute hydroclloriec ~cid. After rermcvil of sol-
vent from the dried solution, the residue wes recrystellized from ab-

sclute elcohol; mep. 116-119°(reported ‘m.p. 119°).

Preparation of N-cinnuimylthiobenzamide ,~—Cinnemyl isothiocyancte

(14 g., 0.08 mole) wus udded dropwise tc a stirred etheresl solution of
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0.1 mole oi phenylm: gresium bromiz: (pre . r« & ~ecc.ibed in the prepur-
ction of N-sllylthiobenrzmide). “fter the addition, the mixture s re-
fluwxed for 1 hour, and tlie c:ude product wais isglated by the same proce-
dure used in the prercration of N-allylthiotenzamicde; 19.8 g. of crude,
yellov solid was obtuineu; m.p, 58—780. Reciystallization fram petrole-
un ether (b.p. 60-75 ), with & trece of ethanol to bring the list undis-
solved material into solution, gave 12,5 g. of yellow solid, m.p, 82~&83.
A small amount was recrystzcllized ? more times for an anzlytical sample,
m.p. 88-89°,

inal, Celcc. for C1ellgNOz C, 7548435 H, 5.57; I, 5,53, Found; C,
75.54; 1, 64763 N, 5.38,

Cyclization of N-cinnecip lthiobenzamide . colution of €,Z g, (0,005

mole) of !-cinnamylthiobenzamide and 3.3 g. (0,005 mole) of powdered an-
hydrous aluminum chloride in 70 ml. of nitrobenucne wes stirred at 1350
for 3 hours. &ifter cooling, excess 10% sodium hydroride solution was
addec and the thiazoline w:s icoloted by the same procedure used in the
~cyclization of N-allylthiobenzamide. The crude product was an oily yel-
low solld, which was triturated with ice-cold absolute alcohol to give
1.7 go (19%) of 7,6<diphenyl-5,6-dikydro-1,3,4-tkiazine, m.p. 70-8°, 2
sm.ll amount recrystallized from ether melted at 86-880,, This woc ccm-
pered with the analyzed sample prepared by the multi-step in situ syn-
thesis from cinnemyl thiocyunate*., A mixed melting poirt showed no de-
pression and the infrsred spectra were superimposable,

The picrete was prepared by heating & smell zmount of tihe crude sol-
id witk § ml. of a scturcted ethonclapicric acid solution, [fter P re-

o
crystallizations from squeous ethanol, the m.p, wis 158-150,5, undepressed

% This Dissertation, p. 41.



vhen mixed with the enzlyzed picrote rrepired by the multi-step in situ
synthesis from cinnemyl thiocyuiatei; the infrered spectre were superim-
posable,

Preparation of trans—crotyl alcohol.--: solution of 150 g. (2,14

moles) of trans-crotonaldehyde was slowly udded to a stirred solution of
5 g. (0.66 mole) of lithiuwm eluminum hydride. The exces. hydride wcs
destroyed by slowly adding 22 g. (0.25 mole) of ethyl acetate. The come
plex was broken up by the addition of 55 g, (3 moles) of water and the
etrer sclution was filtered to remove the inorganic s:lts, The ether
solution was dried and zfter removal of the solvent and distillation of
the residue, 87 g. (72%) of trans-crotyl alcohol, b.p. 113-1230/ 740 mm,,
was obtained (rsported75 b.ie 121.20/ 745 mm,).

Prepcrution of trans-crotyl chloride,—trans-Crotyl chloride vas

prepared by the reection of trans-crotyl alcohol with phosphorus trichlor-
ide in the presence ol pyridine azccording to the method of Fatch: and
‘:Yesbitt75; fram 87 g. (1.52 moles) of trans-crotyl alcohol there was ob-
tained 75 g. (53%) of trans-crotyl ciloride, b.p. 80-85 .

Conversion of trans-crot}rl chloride to trans—gx_;otylamj.ne +—The Ga-

briel reaction was used to convert trans-crotyl chloride to trans-crotyl-
amine according tc the procedure of Roberts and Mazu:r:?l; from 81.5 g.
(0.8 mole) of the chloride there was cbtained 18,2 g. (26%) of trans-
crotylamine, b.p. 80-81.5/ 742 mm.

Preperaetion of trans-crotyl 150t1‘$ganate,-'ljha‘ method of
Ettlinger and Hndgk!.na76 was used to convert 18 g. (0.254 mole) of
lrans-crotylamine to 17.4 g. (59%) of trans-crotyl isothiocyanate, b,p.

-] 25
61-64 /15 mm., o, 1.5231.

# This Dissertation, p. 41.
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Prepuration of N-crotylthiobenzamide.——trans-Lrotyl isothiocyanate

(17 ges D15 mole) was nlied dropwise to a stirred ether solution of
0.2 mole of phenylmagnesiwm bromide (preparsd =3 in the preparation of
H=allylthisbenzamide)., Vhen the reaction subsided, reflux was ualntained
for 0.5 hour. The Grignard complex was broken up, by the slow aidition
of %0 ml. of saturated aqueous ammonium chloride. Tha ether solution
was decanted from the magnesium salts, which were washed once with ether
by decantation., Removal of solvent from the comblined ether portions and
distillation of the residue gave 21 g. (73%) of N-crotylthiobenzamide,
b.p. 156-157°/ 0.9 mm.

Anal. Culcd. for 011315NS: Cy 69,07; H, 6.,85; N, 7.32. Tound:
Ty 69.31; H, 7.96; N, 7,19,

Qrelization of N-crotylthicbenzemide,--N-Crotylthiobenzumide (21 g.,

0.11 mole) wvus dissolved in 65 ml, of nitrobenzene and 7,74 g. (0.055
mols) of powdered, anhydrous aluminum chlorids wug added., The resuliing
solution wvasg stirred at 145° for £ hours., The basic products vere iszo-
lated by the same procedure used in the cyclization of N-allylthniobenza-
mide, Frictional distillation of %he crude product gave .5 g. »f

) i . -
Yo 386-90°/ 0.7 wn,, en intermediate

7
Y

Peohenyl-5-ethyl-r~-thiazoline, b,
frection (1.47 g.), bup. 50-112%/ 0.7 mm., &nl 0.7 g. of Z-phenyl-S-methyle
5,5-dihydro-1,3,4-thiazing, bop. 112-119 /0.3 ma. The producte wers ldenti-
fiad by comparing their pierztes with authentic samplec regzred by un-
equivocal routes. Their melting polinvs were the sime 25 those of the
authentic samples and showed no depression on mixing,

issuming the intermediate frazction 4o consisz% of half of each iso-

mer, it was concluded that the cyclization of lecrotylthiobenzamide gave

an approxzimately 3:1 mixture of R-phenyl-5-ethyl-2-thizasoline and
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¢ ~pheny l-S-metlyl-5 ,6-dihydro-1,%,4-thiazine, respectively.

Preparation of allyl gyanide,—-211yl bromide (131 g., 1.08 moles)

was converted to allyl cyanide by the method of Supinewskl and Salzberg’’.
The product, obtained in 77% yield, boiled at 112-122°,

Preparation of 3~butenylanine hydroghloride.—Allyl cyanide (40 g.,

0.6 mole) was reduced with lithium aluminum hydride to 3-butenylamine by
the method of Kjaer et al,78 The crude product was isolated by distilla-
tion of the base into ajueous lydrochloric acid followed by removal of
water. The yield was 3 g. (149),

Preparation of 3-butenyl isothiocyanate ,~~Crude 3-butenylamine

hydrochloride (9 g., 0.084 mole) was converted to 3-butenyl isothiocya-
nate by the general method of Moore and Crosaloy75. The product,
nbtained in 18% yleld, boiled at 37-46°/ 3 mm. (reported’® b.p, 77.5°%/
28 mn,).

Preparation of N~{2-butenyl)thiobensamide,--3-Butenyl isothiocyanate

(1a7 2., 0.015 mole) was added to an ether solution of 0.05 mole of
phenylmagnesiunm bronide (prepared as described in the preparation of
N-allylthiobenzamide); 1.7 g. (42%) of l-{3-butenyl)thiobenzamliie, h,.n.
137-145°%/ 0.4 mi,, was imolated by the method described in the prepara-
tion of YN-allylthiobenzamide,

gyclization of N-(3-butenyl)thiobanzamide,—N-{3-Butenyl)thiobenz-

amide (1.2 g., 0,0063 mole) was cyclized by the procedure employed in

the cyclization of N-allyltkiobenzamide, Since the product wues obtained

in %00 small an amount to distill, it was converted to its picrate,

After recrystallisatlon from agueous ethanol it melted at 164-155,5°,
Anal. Calcd. for Cy7HjgNgO7S: G, 48.57; H, 5.84; N, 13,33,

Founl: C, 48,98, 48,913 H, 3.58, 3.,650; N, 12.89, 12,81,



The plcrate wus conpared 1 year later with an autbentic sample of
the plerate of 2-phenyl-6-metihyl-5,6-dilydro-1,3,4-thiazine, Both
samples melted at 152-154°; a mixed melting point showed no depression,

Preparztion of N-allylthioacstamide.--N-Allylthioacetamide was

prepared by tne method used to prepare Necrotyltniobencamide, substitut-
ing methylmagnesium lodide for phenylmagnesi:m bromide, The product,
obtained in 52% yield, boiled at 8’70/ 0.4 . (reporteui68 b.p. 1.55—1360/
17 ma. },

Preparation of %,5-dimethyl-Rethiazoline,——N-Allylthiocacetamide

(11 g.p 0,096 mole) waus stirred with 3.3 g. (0,025 mols) of powdered,
aniydrous alumimwn chloride., As the nixture was gradually beated to
150, 4.2 g of 2,5-dimethyl-e-thiagoline was distilled directly from
the reaction mixture under slightly reduced pressure, The residue, a
reddish looking gum, wes dissolved in dilute Qydrochloric acld, made
basiec, and extracted with sther, After drying the ether solution,
removal of the solvent, and distilliation of the residus, an additional
1.1 g. of 2,5-dimethyl-2-thiazoline wms cbtained; b.p. 487 22 me,
(report.adg b.pe 152°). The total yield was 483,

Preparation of «-methallyl isothiogyanate.~— X-Methallyl isothliocy-

anate was prepared by the reactlon of crotyl chloride and sodium thio-
cyanate according to the method used by Truson and Ea.stes65 to convert
B-methallyl chloride to f-methallyl isothiocyanate; from 20 g. (0.22
mole) of crotyl chloride there was obtalned 6.5 ge (R6%) of -methallyl
facthiocyenate, bep. 51-57°/ 22 mi. (reported ° b.p. 70-72°/ 34 m.).
Derivutives were prepared by trecting the isaothiocyanate with
amucnia and with aniline accoriing to the procedures of Kjaer =t al.78

The N-{n-methallyl)thiourea, after recrystallization from wuter, melted
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at 104-108° (reported’® m.p. 109-110°), The N-{x-methallyl)-Ni-phernyl~
thiourea, after recrystallization ‘ron 50% aqueous ethanol, melted at
106-108° (reported’® m.p. 109-110°),

Preparation of N-(<-mothallyl)thioacctamide,—— X=Matinallyl isotnio-
Qyanates (7.9 g., 0.07 mole) was convertad to 4.15 g. (46%) of l-{o-moth-
allyl)thioacetamide, b.p., 90-98%/ 1 mn,, by the genaral procedure used
to prepare N-crotylthiobenzamlde, substituting metiylmagnesium iodide
for phenylmagnesium bromide,

Anel, Caled. for CGHJ.J.NS: C, 55.77; H, 8.58; ¥, 10,84. TFound:
C, 55.78; H, 8,58; N, 10,23,

Cyclization af N-{x-motballyl)thiocaceiamide,——A mixture of <,15 g.
(0.032 mole) of N-(ocmethallyl)thisacetamide and 1 g, {0,2075 mole) of

powdared, anhydrous aluminum chloride was heated in a taree-necked flask
equipped with a mechanical stirrer, thermometer, and a distillation head
with a condenser attached, Vhen the temperature r~eached 180-200°, 1,8
g. (46%) of 2,4,5-trimethyl-2-thiszoline distilled direcily from the
reaction mixture; b.p. 144-148° unier slightly reduced pressure. The
product was redistilled in order to obtain an analytical sample, b.p,
55-55%/ 25 ma,

Anal, Caled, for CeﬂllNS: Cy 55,773 H, 8,58; N, 10,84, Found:
C, 55.95; H, 8.79; N, 10.70,

The plcrate was prepared in the same manner as 2-phenyl-5-metipyl-
Z-thiazaline pizrata, and after 4 recrystallizations from ethanol, it
melted at 170-172°,

Anal, Caled, for C1oP14N409Se T 40.223 H, 3.945 N, 15.63.

Found: C, 40.21; K, 4.09; N, 15.77.

Preparation of f-msthallyl isothiocyanate,=- J-Methallyl isothio-
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cyanate was prepared by treating s-methallyl chloride with sodium
thiocyanate according to the method of Bruson and Eastes”>. The product
boiled at 75-53°/ 30 mm.

Preparation of N-{S-msthallyl)thicacetemide .~ (f -Methallyl isothio-
cyanate (56 g., 0.5 mols) was converted to N-{S-mothallyl)thiocacetamide,
b.p. 98-10%°/ 0.5 mm., by the general procedure used to prepare N-crotyl-
thiobenzamide, substituting methylmagnesium iodide for phenylmagnesium
bromide, The yleld was 67%.

inal, Caled. for GgH NS: C, 55.77; H, 8.58; , 10.84. Fownd:

C, 55.54; H, B.343 N, 11,02,

Gyclization of N-(Z-methallyl)thioacetamide,——N- [PaMetnellyl)thio-

acetamide (26.5 g., 0.2 mols) was heated with 6.7 g. (0,05 mole) of
powdered, anhydrous alumimm chloride in a three-necked flask equipped
with a mechanical stirrer, a thermometer, and a distillation head
attached to a condenser, Vhen the temperature of the reaction mixt.xre
reached 150-170°, the product distilled at 64-80° at slightly reduced
pressure. Toward the end of the distillation, a sclid, believed to be
an almminum chloride complex, formed in the condenser. The distillate
wa3 purified hy shaking it in a separatory funnel with 10% sodiwm
hydroxide solution and separeting and drying the organic layer. Dis-
tillation gave 12.1 g. (46%) of 2,5,5-trimethyl-2-thianzoline, b.p.
49-50°/ 25 m., 152°/ 760 ma, A swall amount was redistilled for an
analytical sample, b.p. 52°/ 25 mm.

Anal, Caled, for CgHyNS: G, 55,77; H, 8.58; N, 10.84. Found:
C, 55.84; H, 6.42; N, 10.86.

The picrate was prepared in the same manner as Rephenyl-S-methyl«2-
thiazoline plcrate and melted at 150-154° after 2 reerystallizations
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fram ethanol.
M;O calOd. for 012!"14“40752 C’ 40.22; H’ 5.94; N’ 15.63.
Found: C, 40.28; H, 4.96; N, 15.74.



pPreparation of Thiazolines and Dilydrothiazines by Cyclization of

N-Hyrdr 1benzamides

preparation of N-(2-rvdroxypropyl)benzamide,.--To a stirred mixture
of 15 g. (0,2 mole) of l-amino-2-propanol, %5 mi., of chloroform, =nd 50
ml. of & saturated solution of potassium carbonate in water, there was
slovly added 2& g, (0,2 :ole) of benzoyl chloride., The :wilitlon required
1 lour, fter wiici: the recction inixture was wlloved to remzin at room
temperature for 17 hours, lzter wi.s adued to assure that all inorganic
3alts were in solution and a whilte solid was removed by filtration., :~fter

o

2 reerystellizations from benezene, 16 g. (45%) of .=(2-hydraxypropyl)-

o 20 o
banzamide wus obtained; m.p. 87-93 (reported  in,p. 92-93 ),

Cyclization of N-{Z-iydraxrpropyl)benzemide .~-A mixture of 135 g,

(0,083 mole) of V-(l-hjydroxypropyl)benzamide, 10 g. of phosphorus renta-
sulfide, and 250 ml. of toluene was rcflwcied for 12 hours, The toluense
vas decanted frar a gumyy residue wiiich remained in the flasx, The res~
idue was wvarmed on a steam bhuth with 109 sodium lyydroxide solution, The
basic solution was extracted with ether and the ethar layer wus combined
witnh the toluene and extracted with 104 hydrochloric aecid, The acld ex-
tracts were neutralized and extracted with etlier, After drying of the
ether solution, ramoval of solvent, and distillatlaon of tihe residual oil,
4,8 go (507) of 2-phenyleS-methyl-2-tnimzoline was obtained; b.p. 146-1490
/18 :m. (reporteds b.p, 148-150/ 16 mm.). The plcrate was prepared and
recrystallized from 95% ethanol; m.p. 153-155° (reported37 GePe 156-1:7°).

Preparation of N-(3-hydrogypropyrl)bernzamide ¢=3-:mino-l-propanol

(15 g., 0.< mole) was benzoylatec in the same msnner as l-aziino-2-propapel.

% This Dissertation, p. 18
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Since no solid appsared, the chloroform layer was separated and dried,
ifter removal of solvent, distillation of the residual oil gave an
impure product which would not crystallize; b.p. 168-184°/ 0.5 mm. The
infrared spectrum was consistant with that of an hydroxyamide structure,
80 the cyclization reaction reaction was carrled out om the crude
material,

Cyclization of crude N-(3-hydraiypropyl)benzamide.—The crude

N-(3-hydroxypropyl )benzamide was added to 250 ml. of toluene which
contained 10 g. of phosphorus pentasulfide, and the mixture was refluxed
for 3 hours. Ths isolation of the p:oduct, R-phenyl-5,6-dilydro-1,3,4~
thiazine, was carried out by the same procedure described in the
gyclization of Ne(Z-hydroxypropyl)benzamide, Three grams of product,
b.p. 124°/ 1.5 mm., was obtained; 4t solidified upon standing and
melted at 44-46° (reported5 m.p. 44-45°),

The plcrate was prepared and recrystallized from 95% ethanol;
mw.p. 181-182,5°,

fnal. Caled. for C K ,Q,N,S: C, 47.29; H, 2.47; N, 15.79,
Tound: C, 47.33; H, 3.65; N, 13.88,

Conversion of j3-benzoylpropionic acid to x-phegzl—!§-butyrolactone.-

£-benzoylpropionic acld (35.8 g., 0.2 mola) was converted to its sodium
salt by dissolving 1t in 200 ml. of water widch cont:ined 12 g. (0.3

. mole) of sodium iydroxide, To this stirred solution there wes added a
solution of 8.4 g. (0.22 mole) of sodium borolydride in 100 ml, of
vater which contained a small amount of sodium fydroxide. The reaction
mixture became warm during the addition; it was heated on a steam bath
for 2 hours after the addition was completed,

lactonization was brought about by slowly acidifying the cooled
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reaction mixture with 10% hydrochloric acid, end then heating for 45
minutes on a steem buath. The lactone, which settled out as an oil, was
separated and the aqueous portion was extracted with ether, vhich was
cambined with the oil., The ether solution wes dried and after removal
of solvent and distillation of the residual oil, 27.5 g. (85%) of
¥-phenyle¥-butyrolactone was obtained; b.p. 121-127°/ 1 mu. (reported?9
b.p. 126-126,5°/ 0.8 mm.).

Preparation of Y-rydroxy-)¥-phenylbutyric acid Igdrazide ,—)-Phenyl-

¥~butyrolactone (16,2 g. , 0.1 mole) was dissolved in 100 ml. of absolute
alcohol and refluxed for 12 hours with 3.2 g. (0.1 mole) of hydrazine.
Upon cooling, the hydrazide precipitated; the yleld of crude material,
m.p. 118-1280, was 85%. £ small smount was recrystallized 3 times from
A mixture of benzene and ethanol for an analytical sample, m.p., 124,5-
126°,

;nal, Caled, for ClOH14N 0 C, 61.83; V', 7,73 I, 14,42, Founc:

27t
c, ¢1.84; ®, 7.30; N, 14.59.

Presaration of 61pheqyltetrahydro;lj5-cxuzone-:.-—5—&Wdromy—KL
prenylbutyric ecid hydrazide (5.2 g., 0.0¢7 mole) wus dissolved in £00
ml. of water which contained 1.4 ml. (0.025 mole) of concentrzted sul-
furic ecid., This sclution was stirred at -5 with 70 ml. of etrer
while 1.82 g. (0.027 mole) of sodium nitrite dissolved in 75 ml, of
water wes added over & 0,5 hour period. The etler layer wes seperated
end the aquecus lgyer wes extracted with ether. The combined ether
layere were dried and then refluxed in en attempt to rearrenge the azide.
lo gas evolution wes observed, so an equal amount of benzene vus added
to reise tle boiling tempersture. Again ro ges evelution wes observed,

so the solution was elloved to reflux for 12 hours. TCuring this time,



S.phenylietralydro-l, S-oxazone~2 precipltated in & ring of besutiful,
white, anslyticelly pure crystals sround the surface of the liquid;
weight 2.4 g. (50%), m.p. 180-181°.,

Anel. Caled, for GoHNO,: C, 67.78; H, 6.26; N, 7.91., Fourd:
C, 67.89; H, 6,305 N, 7,77,

In ecditionel 0,7 g, of crule product, m.p. 170_1763’ was obtained
by evaporation of the benzene-ether solution.

Bydrolysis of 6-phenyltetralydro-l,5—oxazone-2 to I-hydroxy-:Z-

phenylpropylamine ,——6-Plenyltetralydro-1,5-oxazone~2 (.4 g., 0,0135

mole) was dissolved in 20 ml, of ethanol which contained 7 g. of 85%
potassium hydroxide and the mixture was refluxed for £0 hours. The
reaction mixture was then poured into water and carefully acidified
to pE 2. Cerbon dioxide was evolved during tine acidification, Tue
acidified solution was extracted with ether to remove non-basic impur-
ities and was then made basic and ex{racted succecsively with ether and
benzene. The combined extracts were dried and after removal of solvent,
1.2 g. of yellowlsh oil with an emine-like odor was obtained., Davies
and Powell80 report 3-lydroaxy-3-phenylprorylamine to be a solid, m.p.
3.5r64.5°. The impire emino alcorol vwas converted to its oxalate by

dissolving it in ether and edding excess saturcted ethercal orzlic acid.
The salt precipitated immediately =nd wes coliected &nd recrystcllized
from equeous ethanol; weight 0.6 g., m.p. 180—1940. ifter s second
recrystallization 1t melted at 194-195°,

inal, Caled. for CggH, gN.Og: C, 61.21; I, 7.19; N, 7.14. Found;:
C, 61.27; H, 7.223 N, 7.09,

The amine oxzlate can also be obteined with m.p. 148-15C°, It is

probebly either the acid oxalate or & crystalline modificction of the



Ml oxslate,

Preparation of I‘I—-(S—IUdroaq_-v&-pherylproqllbenzamide oo e HY AT OXY =

3-phenylpropylacmonium oxzlate (0.6 g., C.CClS5 mole) was dissolved in

20 ml. of 104 sodium hydroxide solution and 10 ml. of benzene was acdded.
The mixture was stirred while 0,25 g. (0.,0025 mole) of benzoyl chloride,
dissolved in 10 ml. of benzene, was added over a 15 minute period. The
mixture was stirred for 1l? hours; the benzene layer was separated and

the agueous layer was extracted with ether, The combined organic layers
were dried and after removal of solvent, 0.5 g. of impure MN-(2-hydroxy-
3-phenylpropyl )benzamide was obtained; m.p. 64-8°, Trituration under
petroleum ether (b.p. 60—75°) gave 0,35 g. (90%) of product, m.p. 84-86.5"
(reportedao m.p. 85-860).

Cyclization cf N- (3-lydroxy—-3-phenylpropyl )benzamide . —-N- (Z-Hydroxy-

3-phenylpropyl)benzamide (0.35 g., 0.0014 mole) was dissolved in &5 ml.
of toluene and refluxed for 2 hours with 0..5 g. of phosphorus penta-
sulfide, The isclation of the product, : ,6-diphenyl-5,6-dilydro-1,3,4~
thiazine, was carried out by the same procedure described in the cycliz-
ation of VN-(f-hydroxyproryl)benzamide, The crude product eighed 0.2 g,
(4C%); m.p. 81-85°, After 2 recrystallizations from ether, it melted
at 86-88°, Comparison of tiis sample with the cyclization product of
N-cinnamylthiobenzamide proved the products to be identical, A mixed
melting point showed no depression and the infrared spectrs were super-
imposable,

The picrate was pregared by dissclving & smail ancunt of the
thiszine in ethancl and adding a small amount of a saturated sclution
of pleric acid in ethancl. After resrystellization fram agqueous ethanol,

it meited abt 157.5-159,5%, Oomparison of this salt with the picrate of
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the cyclization product of N-cinnamylthiobenzamide proved them to be
identical. A mixed melting point showed no depression and the infrared
spectra were superimposable.

Preperation of l-nitro-2-butanol.-—1l-Nitro-2-butanol wzs prepared

in 484 yield by the reaction of 61 g. (1 mole) of nitromethzne ;ith 64 g.
(1.1 moles) of freshly distilled propionaldehyde. The procedure wes
that of de Montmollin and Ackermenn®l, The product boiled at 101-105°/
25 mm.

Preparation of l-—amino-2-butanol.—-l-llitro-2-butanol (52 g., 0.44

mole) was dissolved in 25 ml. of ethanol and was shaken vith 5 g. of
spongy nickel catalyst (Devison Chemical Campany, Cincinnati, Ohio)
under 950 p.s.i. of hQydrogen for 12 hours., After filtretion of the
nickel and removal of the solvent, the product was distilled, yielding
16.5 g. (41%) of l-amino-2-butanol, b.p. 75-81°/ 20 mm. (reported® b.p.
75-77°/ 12 mm,).

Preperation of N-(Z-lydroxybutyl)benzamide,--1-’mino-2-butznol

(13.5 g., 0.15 mole) was benzoylated by the same generzl procedure used
to benzoylate l-amino-2-propanol, ylelding 14.7 g. (50%) of crude product,
@.p. 97-104°. A small amount was recrystallized 4 times fram benzene
for an analytical sample, m.p. 106.5-108°,

snel, Calcd. for CllHISNOR: C, 68.37; E, 7.82; li, 7.25. Found:
Cy ©8.243 H, 7.803 N, 7.33.

Gyelization of N-(R-lydroxybutyl)benzamide,—N-(Z-Hydraxybutyl)-

benzamide (14 g., 0.072 mole) was cyclized withk phosphorus pentasulfide
by the procedure employed in the cyclization of Ne(i-lydroxypropyl)
benzemide, to glve 8.3 g. (6C%) of Zwphenyl-S~ethyl~-2-thiazoline, b.p.

106-109°/ 1 mm. An analyticel sample was prepared by redistillation;



b.p. 109°/ 1 mnm,

fnal. Celed. for CyyHyzNsS: C, 62.06; H, 6.85; N, 7.52. TFound:
C, 68.86; H, 6.,72; Y, 7.40.

The pierate was prepared and after J recrystzllizatiorns from
ethanol 1t melted at 151-132°,

Ipzl, Calcd. for CypHygllyO7i: C, 4B8.57; H, Z.84; N, 13,77,
round: C, 48.7%; I, Z.89; N, 12.52.

Preparation of N-(3-lhydroxybutyl)benzemide,-—4-Amino-2-butanol

(3.9 g., 0.1 mole) was benzoylated by the procedure used to benzoylate
l-amino-R-propanol. No solid appesred, so the chloroform layer was
separated and dried; after removal of solvent and distillatlon of the
residual oil, 11.7 g. (55%) of N-(3-hydroxybutyl)benzamide was obtained;
b.p. 174-180°/ 0.5 mn. The product was very viscous, and could not be
induced to crystalllize. The infrared spectrum was consistant with the
I-hydroxyalkylbenzamide structure,

fnal. Caled. for CqiHygNOp: C, 68.37; H, 7.82; I, 7.25. TFound:
C, 68.35; H, 7.90; N, 7.34. -

Cyclization of N-(3-hydroxybutyl)benzamide.—N- (Z=Iydroxybvut 1) -

bonzamide {11.7 g., 0.061 mole) was cyclized with phosphorus pentasulfide
by the procedure employed in the cyclization of il-{2-lgxiroxpropyl)dbenz-
amide to give 5.2 g. (447) of f-phenyl-S-metiyl-5,5-dilydro-1,3,4-tnia-
sine, b.p. 122-123°/ 1.5 mn,

fal. Caled. for 0y9HzNS:; C, 69.08; H, 6.85; N, 7.32. Tound;
C, 68.88; H, 6.80; N, 7.52.

The plerate was prepared and after 4 recrystallizations from
sthenol it melted at 1A2,5-164,5 .

anal, Caled, for CyqFgly0pS: ©, 4B.57; H, 2.84; N, 13.3%,



Tound

C, 48.84; 4, 5.83; N, 13.46.



APPENDTY

Cyclization of N-allylthiobenz:mide with zinc chloride.—i mixtur:

of 44.2 g. (0.25 mole) of N-allylthiobenzamide and 24 g. (0.25 mole) of
zinc chloride was stirred for 12 hours at 1% . The zinec chloride form-
ed herd lumps at first, but softened and settled to the bottom of the
flask as the temperature wus ruised, After cooling, the mixture was
stirred with excess 0% sodiuwnm 'yriroxide solution for 3 hours and
extracted with ether, The ether solution was extracted with 10% iydro-
chloric acld; the aqueous layer -as serarated and neutralized -ith 0%
sodium nydroxide solution, whereupon an oil separated., The oil was
dissolved in anhydrous ether, which was then saturated with dry hydrogen
chloride. 4 yellow oll separated vhich vould not crystallize; it wus
trected with 109 sodium hydroxide solution and extracted witl ether,
The ether solution was dried, and after removzl of solvent ani distillsz.
tion of the residual oil, 13.5 g. (31%) of “-phenyl-S5-metiyl-S-thi~zoline
was obtained; S.p. 150-155% 25 mm. (reported: b,p. 148-150°/ 18 mm.).
The picrate, m.p. 158.5-1600, was prepared by ailding a few drops of
the thiazoline to a saturated s.lution of pileric acid in ethanol and
recrystallizing the precipitate from ethanol,

Cyeilzation of lNeallylthiobenzamide »-ith boron trifluoride.--£ mix-

ture of 4 g. (0,027 mole) of N-allylthiobenzamide and 10 ml, of boron
trifiuoride etherate was heated for 17 hours at 105° in & sealed tube.
The reaction mixture was poured into excess 109 sodium !ydroxile solution
and extracted with ether, The ether solution was extracted with 10«

hydrochloric acld, and the acidic agqueous layer was neutralized vith

% This dissertation, p. 18,
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cilute sodium hydroxide and extracted writh ether. The ethereal esttracts
were dried and after removal of solvent, distillation of the residue
zive 1.4 . (35%) of i-phenyl-5-methyl-t-thinzo'ine, b.p. 86-01%/ 1 ma.
The picrats, prepared by aiding a few <drops of the trinzoline to =
saturated solation of pierlc acld in ethanol, melted at 156-161°,

C-Methyl determination on r-phenyl-S-methyl-2-thizzoline,--The

Zuhn-noth®® Cemetinyl determination was used. A 0.558 g. sample (0.00315
mole) of ~phenyl-5-methyl-2-thiazoline gave 0,00026 mole of acetic acid,
determined by titratlion to the phenolphthalein end point with 0,098 M
sodium ydroxide, This is 72% of tne theoretical amount of acetic acid
from 1 methyl group.

Preparation of l-amino-Z-bromoprovane !ydrobromide,-——1-smino—7-

propanol (75 g., 1 mole) was treated vith 487 iydrobromic acid according
to the procedure used by Desseigne83 to convert ethanolanine to Z-bromo-
ethylamine hydrobronmide; 48 g, (i'2¢) of l-emino-:i-braomopropane lpriro—
bromide was obtained; m.p. 159-154° (reported® m.p. 157-159°).

rreparation of N-( -bromopropyl)benzamide , ~—l-/mino--<kromonropsne
)¢ prop

hydrobromide (28.5 g., 0,17 mole) wvas converted to N-{i-bromopropyl)-
benzumide in 867 yield by reaction with benzoyl chloride according to
the procedure of leffler and Ada.mss‘}. The procuct mnelted at 76,5-79°,

;ttempted conversion of N-(:i-bromoprogyl)benzemide to I={2-mercapto-

propyl)benzamide.—; solution of 12,1 g. (0.05 mole) of N=-{’-bromopro-

prl)benzamide and 3.8 g. (0.05 mole) of thiourea in 25 ml, of 25¢
ethanol was reflited for 6 hours. Then a solution of 3 g. o7 sodium
nydroxide in 20 ml, of water was added and the mixture was refluxed for
& hours, The mixture was extracted with three 50 ml, portions of benzene

and the aqueous portion was acidified with dilute hydrocil vie zcid and
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extracted with ether. The ethar extracts vere drisd, and removal of
solvent left a small amount of yellow oil. In an attempt to cycllze
the mercaptoemide, if present, the oil was dissolved in 50 ml, of
benzene and refluxed for 30 minntes with 2 g. of phosphorus pentoxids,
The benzene solution was filtered, and removal of solvent lsft a small
amoymt of oil which failed to give a picrate when treated with & satu-
rated solution of pieric acid in ethanol.

Conversion of Re(2-hromoprapyl)benzamide io 2-phenyl-S-metiyl-2-0Xazo-

lins hydrobromide.~-When on attempt was made to purify a crude sample of
N-(2-bromopropyl)benzamide by recrystallization from benzene, the solu-
tion appeared cloudy, as if wet, and was poured through & filter cone

of magnesiwm sulfate. Upon cooling the solutlon, beautiful colorieas
crystals, m.p, 122-125°, formed in the filtrate, This campound was very
water-goluble and produced an acidiec solution, which zave a positlvs
taegt for ionizable halogen, When dissolved in a saturated solution of
picric acid in ethanol and warmed, it guve a plcrate, m.p, 161165,

2-Phenyl-S-mothyl-2-oxazoline picrate 1s reportad to melt at 167° 8%

Praperation of 2-mercapto-S-methyl-2-thiazoline,--2-Mercapto=5-
methyl-2~thiagzoline was preparsd by 4he reaction of l-amino-2-bromopro-

pane hydrobromide with carbon disulfide in basic solution according to
the procedure of Hirsch”’. The product melted at 95-95°, although
Hirsech reported 82°,

Anal, Caled. for C i8S, G, 36.06; H, 5.30; N, 10,51, Found:
C, 36.354, 36.25; H, 5.R2, 5.28; N, 10,55, 10.47.

tydrolysis of 2-mercapto-S-metiyl-R-thiazoline,~—~The hydrolysis
procedure was the same as that used in the hydrolysls of 2-phenyl=S-

mothyl-R~-thiazoline except that removal of henzoic acid was not necessary,



-A0=

A 3.4 g. sample (0,26 mole) of R-mercapto-S-methyl-Z-thiazoline gave
1.1 g. (853%) of erude l-amino-Z-propyldisulfide dihydrochloride, m.p.
202-210°, After recrystallization from ethanol, it melted at 223,5-226°
(reported®® m.p. 213-214%),

Preparation of cimnamyl thiocyanate.--Cinnamyl chloride was convertsd
to cinnamyl thiocyanate by treating it with an alcohollic solution of
potassium thiocyanate. The crude product, m.p, 58-66 was obtained in
65% yield. Recrystallisation from petrolewn ether (b.p. 50-75°) gave a
purer product, m.p. 68-70° (ropori:mi.‘?‘gL B.D. 660).

At ted r ements of ¢ 1 thioc te to ¢ 1 iso-
thiogranate.,—Attampts to rearrange cinnamyl thiocyanate to the isothio-
cvanate by heating it alone and with aluminum chloride gave unreacted
starting material as the only isolatable product, Attempts to prepare
isothiogyanate derivutives by reactlon with various amines failed., The
existence of the isothiocyanate in the reactlion mixture having been
proven by the work of Smith and mersonse s 1t was decided to attempt to
react the lsothiocyanate in situ with phenylmagnesium bromide, and
isolate the Necimnamylthiobenzamide, The product, however, wus an oil
which decomposed when distillation was attempted, so tus cyclization
of N-cimmamylthiobenzamide was alzo carried out in situ.

Conversion of cinnamyl thiocyanate to 2,6-diphenyl-8,Gdilyydro-1,3,4-
thiazine.—4 mixture of 22,5 g. (0.13 male) of cinnamyl thiocyanate and
100 ul. of diphenylmethane was heated at 140-145° for 5 hours. The
nixture was gooled and added to 250 ml, of aniydrous ether. This solu-
tion was slowly added to a stirred solution of 0,15 mole of phenylmag-
nesium bromide in 100 ml. of ether, The mixture, which became cloudy

during the addition, was refluxzd for 2 hours after the addition was
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complete, It was then poured onto ice, and dilute hydrochloric acid was
added to dissolve the magnesium salts. The mixture was then sxtractsd
with ether and the ether portion was dried and the ether was removed,
The reaction produst was separated from the resulting diphenylmethene
solution hy addition of 100 ml. of petrolewm ether (b.p. 60-75") and
removal of the 17 g. of oll whieh separated, The oll was dissolved in
30 nl. of nitrobensane and heated for 12 hours at 85° with 7,5 g. (0.056
mols) of powdered, anhydrous alwminum chloride. The cooled mixture was
then stirred with excess 10% sodium lydroxide solutiom and extracted
wilh ether, The other layer was extracted with 104 hydrochloric acid,
the acid layer was made basic, and the basic mixture was extracted with
ether. Drying of the ether extructa ani removal of molvent left 1.2 g,
(0.0048 mole) of crude 2,6-diphenyl-S,A-dihydro~l,3,4-thiazine, m.p, 77~
8°, After grinding under petroleun ether {b.p. 50-75") and recrystal-
lizing twice from ethsr, it melted at 86,5-87.5°,

Ansl, Calod. for CgW:NS: G, 75.84; H, 5.97; N, 5,53, Found;:

Cy 75.87; H, 5.86; N, 5.47.

The picrate was prepared fram the crule product by adding s small
amount of the base Lo a saturated solution of pieric acid in ethanol,
varming the mixtwre on a ateam bath, and allawing it to remsin at roonm
temperature for 12 hoursa. After 3 recrystallizations {ram aqueous
athanal, it melted at 160-152°,

Apal. Calod. for CooH gN,0,S: G, 54.77; H, 3,76; N, 11.81; S, 6.55.
Pound: C, 54.57; H, 3.92; N, 11.71; S, 6.54,

The thiazine and the picrate were identical with those prepared by
the cyclization of pure Necinnamylthiobenzumide,

Preparation of l-phenyl-2,3-dibromopropane,—-To & solution of 23,7 g.
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(0s2 mole) of allylbenzeme in 150 ml, of chloroform, there was zdded

32 g (0.2 mole) of bromine, dropwise, with cooling and stirring. Re-
movul of solvant and distillation of the reasidue gave 37 g. (67%) of
l~phenyl-2,5-dibroamopropane, b,p. 85-90"/ 0.5 m. (reparted®’ b.p. 114-
1150/ 5 mm,).

Attempted reactions of l-zhegclé.%—dibrmogz;_ogg_n_e with thiobenzamide,-

1-Phenyl-2,3-dibromopropane (3 g., 0,011 mole) was disselved in 25 ml,

of chlorobenzene and reflwted for 3 hours with 1.5 g. (0.0l mole) of
thiobenzamide, Hydrogen sulfide and hydroger bromide were evolved.

The mixture wus extracted with 10% hydrochlorie acid, the acid layer
was neutralized with 10% sodiun hydroxide solution, and the basic solu~
tion was extracted with ether, After drying of the other extract and
removal of solvent, only a amall amount of unreacted thiobsnzamide was
obtained,

Similar attempts using xylene and alcoholic potassium hydroxide as
solvents alsc gave only unreacted thiobsnzumide,

Attempted reaction of 1,2-dibramobutans with thiobenzamide ,~-Thio-
benzamide (1.4 g., 0.01 mole) was refluxsd for 1 howr with 25 g. of
1,2-dibromobutane. Hydrogen sulfide and hydrogen bromide were evolved,
The reaction mixture was steam~distilled to remove excess 1,2-dibromo-
butane and the residue wns made basic with 10% sodium hydroxide solution
and extracted with ether, After drying of the ether molution and removal
of solvent, only a slight trace of oil remained. 4 small amount of a
saturated solution of picric acid in ethanol was added to the oil; sfter
several minutes, a trace of picrate formed; m.p. 134-147°. After 2
recrystallizations from ethanol, it melted at 151—1540. There was too
little material for further purification, The picrate of the axpected
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product, 2-phenyl-§-ethyle2-thinzoline, melts at 151-132%,

Preparation of allylearbinol,--Allylecarbinol was prepared by treat.

ing allylmagnesium chloride with the gaseous depolywerizate of vara-
formaldehyds, according to the procedure of Ettlinger and Hodgkins °j
from 307 g. (4 molea) of allyl chloride there wag obtained 85 g, (25%)
of allylcarbinol, b,p, 42-44.5% 20 m.

Preparation of S-butenyl chloride,—-Allylcarbinel (58,7 g., 0.8 mole)

vas converted to 50,2 ge. (69%) of 3-butenyl chloride by reaction with
71

thionyl chloride according to the procedure of Roberts and Mazur It

boiled at 71-78°,

Preparation of 3-butenylamine,.--The Gabriel reaction was used to
convert, S-butenyl ahloride to 3-butenylamine. The procsdwre of Roberts
and Mazur't was followed; from 50.2 g. (0.55 mole) of 3-bubenyl chloride
thare was obtained 6.2 g. (11%) of 3-butenylamine, bep. 71-76°. The
plcrate, prepared by adding 2 drop of the amine to 2 satureted ethereal

solution of picric acid, melted at 136-133° (reported’ >

mlp. lsgosﬂ
140,59).

Preparation of 3-butenyl isothiocyanate.--3-Butenylamine was con-

verted io 3-butenyl isothlocyanate by the Kaluza reaction as described
by Moore and Crossley73; from 5 g. (0.085 mole) of 3-butenylamine there
was obtailned 5.5 g. (57%) of 3-butexyl isothiocyanate, b.p. 80-30°/ 30 ma.
(reported’® b.p 77.5°/ 28 m.).

Preparation of N-(3-butenyl)thicbenzamide,--3-Butenyl isothlocyanate
(545 8oy 0.749 mole) was treated with phenylmagnesium bromide, and gave

8.4 g. (68%) of N~(3-butenyl)thiobenzamide, b.p. 142-145°/ 0.1 mn, The

procedure wvas the same as that used to prepare N-allylthlobenzamide,

% This dissertation, p. 35.
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Cyclization of N-{3-butenyl)thiobenzamide,--N-{3-butenyl)thiobeng-

amide (6.4 g., 0.054 mole) wus dimsolved in 30 ml, of nitrobenzene and
beated at 120° for 2.5 bours with 4,6 g. (0,034 mole) of zinc shloride.
The crude product was isolated by the procedure used in other thiocamide
dyclizations and on distillation gave 0.22 g. of dark colored liquid ’
bep. 93-103°/ 0.8 m. The erude product was converted to its picrate,
m.p. 155-164°, by adding a drop of it to a saturated solution of pierie
acid in ethanol. After 4 recrystallizations from ethanol, it melted
at 186-170°, This melting point ie too high for ihe plerate of the
expected product, 2-phenyl-G-methyle5,6-dihydro-l,?,4-thiazine, which
wolts at 162.5-164.5°, Tt is possible that the product comtained 2-
phewl-A,S-di.netmlé-thiazolino, which could have arisen if the 3~
butenyl chloride were pariially rearranged to x-methallyl chloride dur-
ing its preparation,

Preparation of o-hromobutyryl chloride.--4 mixture of 62 g. (0.37
mole) of o-bramobutyrie acid and 78 g. (0.555 mole) of thionyl chloride
was refluxed for 2 hours. The mixture was distilled, giving 49 g. (72%)
of o(=bramobutyryl chioride, b.p, 144-149°,

Preparation of x=bromobutyramide .~- X-Bramobutyryl chloride (80 g. ’
0.43 mole} was added with stirring and cooling to 500 ml, of concentrated
amuonium hydroxide. The precipitated of-bromobutyramide was filtered »
waghed with water, and recrystalliwed from a mixture of chloroform and
petroleun ether (b.p, 80-75°), The yleld was 42,5 g. (60%), m.p, 108-

112° (reported™ m,p, 112-115°).

Preparation of oc-mercaptobutyramide,— ({-Mercaptobutyramide was
prepared by the reaction of potassium hydrogen sulfide on o=~broanobutyr-
amide according to the procedure of Penmnington, et a.lesgs from 30 g.


marcaptobutyraad.de
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(015 mole) of X~-bromobutyremide there was obtained 6.5 g, (36%) of
<=nmercaptobutyremids, m,p. 78-86°,

Attempted reduction of « -mercaptobutyremide with lithiwa aluminim
hydride.—The reaction was carried out in tetrahydrofuran because the
celercaptobutyranide was not sufficiantly saluble in ether., A solution
of 1,0 g. (0.0084 mole) of (-marcaptobutyramide in 20 ml, of tetrahydro-
furen vas slowly added to a stirred solution of 1.0 g..(0.,026 mole) of
Uthim aluminum hydride in 50 m)l, of tetrelydrofuran, After the addi-
tion, the reaction mixture was reflixed for 12 houra. Aqueous sodium
hydroxide was cautioualy added to hydrolyze the complex; the inorganic
salts were removed hy filtration and washed with tetrahydrofuran, after
removal of solvent from the cambined filtrate and washings, only a trace
of oil remainsd which failed to give a picrate. Attempts to isolate the
axpected amino msrcaptan fram the 301id which was previocusly removed by
filtration failed.

Attempted reaction of l-emino-2-butanal with thicbanagylmercapto-
acetic acid,~—l-Amino-2-butanol (1.0 g., 0.011 mole) was added to a
solution of 2.4 g. (0,011 mole) of thicbenzaylmercaptoacetic acid in
12 al, of 0.1 M sodiwm lydroxide. The mixture was placed in an ice
bath for 30 minutes and then 1 ml, of glacial acetic acid was added,

The product separated as a red oil which gradually turned to a sticky
solid. Attempts to crystallize the product failed, In an attempt to
convert any N~{(2-hydraxybutyl)thiobenzamide which may have been present
to its tosylate, 2.1 g. (0,011 mole) of p-tolusmesulfonyl chloride,

1.2 g. (0.011 mole) of 2,5-lutidine, and 10 ml. of benzene were added.
After warming the mixture for 1 hour on a steam bath, an oil separated
which s0lidifiad after some time, The solid was removed by filtration;
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it gave a positive test for ionizable chloride and was considered to be
Z,6-1lutidine hydrochloride., Ewvaporation of the solvent from the filtrate
left a solid, m.p. 62-156  (dec.), which could not be recrystallized.
The 9;11d was partially soluble in water and gave a brown precipitate
when silver nitrate solution was added. The solid which had been pre-
vicusly removed by filtration axhibited the same behavior. Water was
added to all the soliis obtained from the reaction and the aqueous
aixture wvas extracted with ether, The ether layer was dried, and after
removal of solvent, & small amount of gum remainsd, In an attempt to
qyclize the tosylate of N-(R-hydroxybutyl)thiobenzamide, if present, the
gum was refluxed for 2 hours with 25 ml, of xylens., Ths xylene solution
vas then extracted successively with dilute sodium carbonate solution
and 10% hydrochloric acid, The acid extracts were neutralized with 10%
sodium hydroxide solution and extracted with ether. The ether solution
veg dried, and after removal of solvent, & trace of oil remanlned., -
ricrete, m.p. 100-1550, vas preperecd by adding e smell emount of a
seturated solution of pieric acid in ethanol to the oil, After recrys-
tallizstion from ethemol, it melted at 130-127°, It vas evidently not
the picrate of the expected 2-phenyl-S-etlyl-c-thiszoline, which melts
at 151-122°%,

# This dissertation, p., Z5.
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