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g of bromine remained. Filtration yielded 469 g of colorless
crystalline product, mp 168-172 °C. Evaporation of the filtrate
gave 60 g of additional product. Recrystallization from methanol
gave mp 170-172.5 °C (lit. (6) 164 °C).

Resolution. All procedures in the formation of the d-tartrate
salts were performed at ice temperatures. To a stirred cold
mixture of 4 (29.8 g, 0.1 mol) in 180 mL of H,0 and 1256 mL
of ether was added a cold solution of NaOH (4.4 g, 0.11 mol)
in 40 mL of H,0. After separation of the ether layer, the
aqueous layer was extracted with three portions of cold ether
(100-mL total). The combined ether solution was washed once
with cold H,O and added to a cold solution of d-tartaric acid
(15.1 g of 99.7%, 0.1 mol) in 175 mL of methanol. Filtration
of the resulting precipitate yielded 32.4 g of colorless crystalline
material, [a]?%, +10.7° (¢ 1.0, H,0). The material was re-
crystallized from methanol (temperature below 60 °C): first
crop (room temperature), 13 g, [«]?%, —2.5°; second crop (0
°C), 4 g, [a] %, +9°; third crop (solvent reduction), 12 g, [a]%%,
+24°,

Several recrystallizations of the levorotary first-crop material
from methanol (temperature < 60 °C) gave the (-) d-tartrate
salt of mono-2,3-dibromopropylamine [(~)-5], [«]?4, ~12.8° (¢
0.939, H,0).

Several recrystallizations of the third-crop material (dextro-
rotary) from H,O (temperature < 60 °C) gave the (+) d-tartrate
salt of mono-2,3-dibromopropylamine [(+)-5], [a]2*, +34.8°
(¢ 0.939, H,0) (lit. (6) [a]p 31°).

(+)-2,3-Dibromo-1-propanol [(+)-1]. To a cold solution
of the (+) d-tartrate salt (+)-5 (5.5 g, 0.015 mol) in 40 mL of
H,0 containing 0.77 g of H,S0, was added with stirring a so-
lution of NaNO,, (1.25 g of 97%, 0.0175 mol) in 10 mL of H,0
over a period of 6 min. Stirring of the cold mixture was con-
tinued for 30 min and the mixture was then allowed to stand at
room temperature overnight. Usual workup, after adding 0.5
g of urea, gave 2.4 g of light yellow liquid, [«]?%, +12.6° (¢
1.253, MeOH). Comparison of the NMR spectrum with that of
reference 2,3-dibromo-1-propanol showed an extraneous
doublet (J = 6 Hz) at § 3.6, indicative of contamination with
some 1,3-dibromo-2-propanol. GLC analysis showed 87 % of
the major primary alcohol and 13% of the secondary.

Chromatographic separation was performed on dry packed
columns of silica gel or neutral aluminum oxide (deactivated with
8% H,0) using mixtures of hexane, benzene, and ether. The
secondary alcohol eluted first on the silica gel while the primary
was first on the aluminum oxide. There was considerable re-
tention on aluminum oxide which varied with degree of deac-
tivation. Fractions were analyzed by NMR or GLC. Distillation
of combined best fractions from several runs (0.395 g), using
a micro cold finger apparatus, at 3 mm (oil bath temperature
gradually raised to 80 °C) gave 0.301 g of colorless liquid

(99.5% primary alcohol by GLC), [a]?%, +13.8° (c 1.004,
MeOH).

(-)-2,3-Dibromo-1-propanol [(-)-1]. The levorotary enan-
tiomer was obtained from the (-) d-tartrate salt (-)-5 by the
procedure described above for the dextrorotary enantiomer.
Distillation of 0.36 g of combined chromatography fractions
yielded 0.19 g of colorless liquid (98.8% primary alcohol by
GLC), [@]®®; -12.6° (c 1.076, MeOH).

Separation of the primary and secondary alcohols was also
accomplished by preparative GLC. The compounds so obtained
were analyzed by mass spectrometry. Both 2,3-dibromo-1-
propanol and 1,3-dibromo-2-propanol gave low-intensity (~2%
of height of the base peak) molecular ions at m/z 216, 218,
and 220 in an approximate ratio of 1:2:1 corresponding to the
abundance of the various bromine isotopes. Corresponding
low-intensity ion fragments due to loss of the hydroxyl radical
were observed at m/z 199, 201, and 203. The spectra for the
two structural isomers differed markedly in the intensities of
other fragment ions. Whereas 2,3-dibromo-1-propanol pro-
duced intense (80-90% of the height of the base peak) frag-
ment ions from the loss of a bromine radical and HBr, 1,3-di-
bromo-2-propanol produced weakly intense ions at m/z 136,
137, 138, and 139 (17-20% of the height of the base peak).
Furthermore, the base peaks for the primary alcohol were at
m/z 106 and 108, corresponding to the loss of HBr plus H,CO,
whereas the base peaks for the secondary alcohol were at m/z
123 and 125, corresponding to the loss of the bromomethylene
radical.
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Preparation of New N-[«-(Benzylidenamino)benzyl]benzamides and

N,N’-Benzylidenebis(benzamides)

Surjan S. Rawalay* and Charles F. Beam'

Department of Chemistry, Voorhees College, Denmark, South Carolina 29042

Several benzylamines were oxidized with buffered
potassium permanganate to give complex
iminobenzamides. These products were then aroylated
with acid chlorides to give bis(benzamides).

TDepartment of Chemistry, Newberry College, Newberry, SC 29108.

In connection with the earlier work concerning the novel
oxidation of benzylamines to give complex iminobenzamides
(7-3), several new examples of the reaction are now reported
(Table I). These iminobenzamides, and others, were trans-
formed into complex bis(benzamides) by treatment with a va-
riety of aromatic acid chlorides (Table II).

0021-9568/82/1727-0475$01.25/0 © 1982 American Chemical Society



476 Journal of Chemical and Engineering Data, Vol. 27, No. 4, 1982

"(8) OFH D *SOT PUB {(bE) O“H®D “611 4(LT) OA"H D ‘€71 Hb1) ON*HD

‘SET (L) ONAPH D “6£140€) "N“'H*'D ‘STT “(9) ONT'H™'D ‘LET “(1%) O°N“H"D ‘€T {(00T) O*NA"H®'D ‘LT (% “ANSUNUT 2ANBIAT) UOT ‘2/Ui) SMOJ[O] S OB S)UIWASURIIEII pue SUORRIHAWTRI] o1)ST

-I910BIRYD 100 (W) 9LE 9/W ‘winIjoads SSey , “I[QIUISOSIP JoU N y "SUORAIOSqE SNOUOIDOST IO SNOUOIYIOSE AIEIN 5 "PIAIISQO sem O (] Yim 23uryaxa ‘swaqord ANIQN[os ou s1am a1oy) uaym pue

‘JqQIUIADSIP A[rensny 4 'uonnjos 3123139 01 pappe sem (°p-QS W) Iprxoins jAyswrp ysnous pue f;Ha) w papuadsns oxam spunodurod YL -piepuels (ISTO) SUBJISIAYIQUILIIA) [BUIS)UL UB WO Pla1jumop

Ppajr0dai ore () SIS [EOIWAYD PUE ‘I0}aWor}oads 90URUOSIT AIBUSEUI TEIPONU X (QE-NH SIIRIIOSSY URIIEA © WIOI) PauLeIqo 2I0M BI)0adS 20UBLOSII dNIsuTeW wol0lg , °'soqmy Arefides uado ur smyeredde

jutod-Sur)[our IDAOOH-SEWOY ], ® Ul paule}qo a1am sjurod Sunjop p '19IEM—[OUBY)D WIOL] PIZ[EISAIORL OIom SIINPOXd [Iy , ZE6LO [N “1Fed WRYIO[,] “ONUaAy puy 1Sop ¢/ ‘AI0}eI0qeT [eo1) A[RUROION)N
8,U08119q0Y AQ pauIofiad olom ASY]J, ~MALASI I0J P2YIWNS PUB POUTRIQO SIN[EA [BIII00Y] YIIA JUSWOSISE UL N Pue ‘H ) 103 S3SATRUR [RIUSWI[Y 4 [ SqEL Ul OPIWEZUSqOUT U Juated jo raquiny ,

(HN ‘W) €7°6-8€°8 ‘(ouryloul pue HIy ‘w) 01°8-€9'9 ‘(s*°HOIV) 09°¢~8€°7 1€2-6TT 78 LPO°NI *H™D A HO-¥ apLIofyd 140zusqoron|j- 9 S1
(N ‘W) 07°6-L7°8 ‘(Punyiaur pue HI1vy) £1°8-04°9 ‘(s*HDIV ‘S) 0¢°C 077812 98 ‘O* NI HD 0¥ ‘HO-P APLIONYD 1£02U3qOIOTYI- 9 14!
(HN “w) $8°8-5¢°8 “(ourpaw pue Hr1v) 80°8-8L°9 ‘(3 HIIV) ¢S T-¢1C ¥07-€07 9L *O*N**H"D H HOb 3pLopYd [A0zusq 9 €1
(HN Pue ‘aun[Isu ‘HIV “ur) 07°6~059 007-861 ¥38 O*N*ATHD H 10T apuoYo [A0zusq ¥ 4
(HN ‘W) $T°6-57°8 “(ounpious pue H1vy) 80°8-5L°9 ‘(s*HOIV) 0S T-2HC 681-981 SL *O*NA"H D Av *HOT aprIoyd [Aozusqolon|j- 4 11
(HN ‘W) £8°8-¢¢'8 “(uryaul pue H1v) 01'8-0L"9 ‘3*HOIV) LST-CTT 902-£07 6L ‘O'NID"*H®) 10 HOT apLIO[Yd [A0ZU3GOIOTYS-{ r4 01
(HN ‘W) 01°6-L€'8 “(PUIyIaW pue HIV ‘W) ¢1°8-0L9 ‘“(s°HDIV S) 0¥ yIT-T1C 9L O'NTH™D HOT H SpLIOTYD [A0zuUdqIAyIaUI-7 1 6
(HN pue ‘dulipjows ‘HIV ‘W) ¢4 6-LL"9 S61-t61 18 O*NA“'H'*D AT H apLIO[Yd [40Zuaqolon]j-g 1 8
(PWYIoW puk Y1y ‘W) £7°8-€89 6ST-LS1 7L ‘O NIDUHD D€ H 3pLIOTYD [A0ZU3QOIOTYO-§ 1 L
(HN ‘W) Lg 6-L'8 (Punpaw pue {Iy “Wr) L]1°8-£8°9 yTT-CTL L *0°NA“HD € H apLIo[Yo [£ozuoqoIon[j-¢ 1 9
(HN pue ‘aulpaw ‘giy ‘w) 78°8-74'9 “(z°HIIV) L9'T-8T'T 077-91¢ 18 *O°NT*H™D H *HOC apuIo[yo [Aozuaq 14 S
(HN ‘ur) 76'8-79'8 ‘(Guylow pue HIy ‘wl) 61°8-86°9 8L1-9L1 8L tO°NID“H "D |94 H apLIOfYd [A0ZHIQOIOTYO-{ 1 ¥
(HN ‘W) £6°8-0%'8 ‘(Puryiaur pue H1v) 01°8-0L'9 ‘(3HDIV ) L£T 161-681 YL *0°'N*H*) *HOV H IpLIONYD [AoZUaqIAIoUI-f 1 £
(HN ‘w) 08°8-€#'8 “(Suiyiouwl pue Iy ‘w) 0g'8-09'9 S0T+07 9L *O*NI“'H"D I+ H 3pLIO[YD [A0zZuaqolonij-p 1 4
(/HN ‘W) 0T°6-0%'8 “(eunpiour pue Hiy ‘w) 08°L-08°9 T€T-1€T L9 *O*'N"H"D H H apuoyo jAozuaq I 1
9 > WHN H; D, p'du % 2:qionpord A X apuIofyo proe pOplurR  ‘ou
‘protA JO BnuLoj -zudq  pdwoo
reondurs -ourun
juared
X-"H°®

>\,meuxoolmzéww:zxouw,meurx
(saprwezuaq)sig xojdwio) °j 9pqe

"(001) NA°H D 10/pue 04 H*D ‘€71 (2¥) ONAH*D ‘6€T (9%) ON*AH"'D ‘9¥T :((% ‘A¥suayur aanejar) uoy
‘2/ul) SMmO[0] S 3Te SjuSWFURIIEdI puk suor)ejuswsely dNsuveIeYd Y10 (W) 89¢€ 2/w ‘winIidads ssepy ; "HN 10 paresipur Suinds swos
‘peolq , "popIOIAI sI suoldIosqe SNOUOIYIOS] 10 SNOUOIYIOST A[ILIU 10 IJIYS TeoTuIoyd /oSuRI 9, 5 “9qIUIIOSIP A[[ensn jou aIe suonndiosqe
(HN) 2prury J uonnyos 399332 o1 pappe st (°p-OS “oW) apIxosIns (AYrounp ySnous pue f10aD w papuadsns are spunodwios Syj] -plepuejs
(1S"ON) SUEBIIS[AYIaUIeND] [RUISJUT UR WOIJ PISLJUMOP PAPI0331 ST () SIFIYS [EIWAYO PUE “13}9WO0I)53dS J0URUOSII JfjauSews Iesjonu X00€
WA SI1EIO0SS Y UELIE A B W01 PIUTRIQO a1am BIjoads soueuosal opsufeur uojolg , ssaud}s[dwod 10§ papnput st punodwos sty y, p E£301938
{Apws Areutumord Woljy eje(] , ‘ISEM-JOUBY)IS WOIJ PazNeIsA10al o1om sojdures 0V 'seqm Arerpdes uado ut smieredde jurod-Sunjsw 19a00y
-Sewroy , & uf poure3qo aram sjurod Junjout iy q 'TE6LO [N “¥Fed WeYIo[] Onuasy pujy 1som ¢/ ‘Alojeroqe TeoT AJEUBOIONHY §,U08)10q0Y
Aq paurtogrod a1om A3Y], MOIASI 10] PA)ITWQNS PUE PIUIRIGO SAN[BA Te2132109Y3 YILM JUdWSITe UL N PUE ‘Y ) 10 $asATeue [2JUSW[q °

(~N=HD— ) £+'8

‘(oumrow pue HIy) £0°8-£8°9 A%:Aoé S)EET  6TI-STI  ¥L JO'NTH™D  ‘HOv  owweidzudqiiyow-y ¢
~N=HD—
y'S) £8°8 ‘(SUIylaw pue HIV ‘W) 05°8-¢L'9  SEI-EET 49 JONFAH D 4T swue[Azusqolonjry ¢
(-N=HD~-
y'S) €0°6 ‘(PUNpIOW PUE [IV ‘W) €€°8-€6'9  SKI-E¥T I8 pO°NDTH'D [0¢  sulwrejdzuoqolofyp-z ¢
(—N=HD— 45) £5°8 ‘(cunyzow
PUE HIV ‘W) €7°8-L8'9 “(3°HOIV) LL'T-€T°T  0ZI-8I1 6L O°N"H"D> ‘HDT owwelfzuaqiAygowry ¢
(=N=HD— ) £°8 ‘(sunpow pue 1y ‘w) /7'8-/69  8YI-SYI  SS 20°N"H'"D H sujwejAzusq |
[ x.m,mEZ H, Do ndE % . pronpoid uopgepixo X sutwre|Azuaq juared ‘ou
‘prat JO eynuuIog pdwod
reounrdws
xL:voJmuuz,,mw\mzoo;,:wolx
X~"H?)

$)onpord uonepIx( apiezusqomw] xadwo) | sjqey,



Journal of Chemical and Engineering Data, Vol. 27, No. 4, 1982 477

BHSE MoE: 123
128.0 123 1. ex
i L
1 MULT BY 180 FROM 250 r
263 |
d == |5 EU === L
246
50.9 — -
139
4 75 -
as
1 255 r
55 855 Mlusey e 0l 195, l'.. 134 || 148 167 183 191 201 214 229 238 4l HHIL il
T U Y T T ] T T T T T T T T T T T T T T T T
ME  Se 160 158 208 250
I.BT —
{ 278 L
368 F £
@-tONH-(I:H—N=CH-©
8.5 @j -
P Table I, imino-benzamide 4 L
276
334
286 pg7 309 . 340 354 | cee 294 aps 412 ¥ am 455 aga -
ld |1.I AR T AT l.h.l ..:.3%?1 ) 1111 I Lt l.l " I Lt L, !l.lh??"’m.l Lol ,?Tl IR l Polotda 4?31 RN |T?Tll 4?!? Wi
¥ 1 } 4 k 1 T ) h t } T b u t v ; T t }
MoE 200 350 482 455

Figure 1. Mass spectra of iminobenzamide 4.

The oxidation of the benzylamines was effected in aqueous
tert-butyl aicohol buffered by calcium sulfate, which caused
precipitation of calcium hydroxide as the organic product was
formed. The structures of these unusual iminobenzamides have
been established previously, in a preliminary study (3), by ele-
mental analysis, absorption spectra, and acid hydrolysis to give
substituted benzaldehydes (2 equiv), substituted benzamides (1
equiv), and ammonia. The new iminobenzamides gave satis-
factory elemental analyses and infrared spectra. Each material
prepared displayed absorptions at ca. 3330 (NH), 1640 (C—==0),
and 1615 (C==N) cm™'. In addition, proton magnetic resonance
spectra displayed aromatic, methyl (where applicable), and
imine (—CH=N—) resonances (Table I).

KMnOg /7~ C4HgOR
i s kA

X—CeHaCHoNHy —c =

X—— CgHg— CO~— NH—— CH— N==CH—CgHq — X

C6H4""X

When these iminobenzamides were treated with a variety of
aroyl chlorides in pyridine, unusual bis(benzamides) were formed
(Table II). These new compounds were also characterized by
infrared spectra (3333 cm™' for NH and 1867 cm™ for C=0),
proton magnetic resonance (for ArH, methyl when applicable,
and NH), and elemental analyses.

Y-CgH4COC!

X—CeHa——CO—NH=—CH—N=CH—CeHs—X iRm0~

CeHa—X
X—CgHq— CO—NH—CH=—=NH—CO—CgHg—Y

CeHg—X

Several representative compounds (Tables I and II) were
given mass-spectral analysis. In general, the compounds easily
fragmented; however, mass spectra of iminobenzamide 4 (Ta-

FC6H4—CO'§‘ NH — CH’%‘N=CH—-C5H4F
CeHaF

iminobenzamide 4

ble I, Figure 1) taken at 15 eV did display a molecular ion at
m/e 368 and other informative fragmentations/rearrangements.
The base peak, m/e 123, could result from simple fragmen-
tation of the amide carbon-nitrogen bond or from an ion re-
sulting from rearrangement (FCgH,CH=NH). Another rear-
rangement could account for the ion noted at m/e 139 (FCg-
H,CONH,). Interestingly, a spectrum of this compound obtained
at 70 eV contained an ion, m/e 109, which could be assigned
to a benzyl- or tropylium-type ion. Bis(benzamide) 15 (15 eV)
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Figure 2. Mass spectra of bis(benzamide) 15.

(Table 11, Figure 2) also displayed a molecular ion at m/e 376
and several simple fragmentations (amide carbon-nitrogen
bonds) to give ions at m/e 119 (CHyCgH,CO), m/e 123 (FCe-
H,CO), m/e 257 (CH3CgH,CH(NHINHCOCgH,F), and m/e 253
(CH;CONHCH(NH)CgH,CH;). Rearrangements could also ac-
count for ions noted at m/e 237 (CH3CgH, CON=—CHC¢H,CH,),
m/e 139 (FCgH,C(OHy==NH or FC¢H,CONH,), and m/e 135
(CH3GCgH,C(OHy=NH or CH;CgH,CONH,).

CH3C5H4—CO—é—NH - CH——-NH%COCQ—MF

CeHaCHz

bis(benzamide) 15

Experimental Procedures

See references cited and footnotes of Tables I and II.
Mass spectra were obtained at the University of South

Carolina by Michael D. Walla using a Finnigan 4021 GC-MS
system with Incos data system.
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